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FOREWORD 


This  report  describes  t In*  concepts  mui  methodology  of  a  study  of  fixed  wing 
training  device  requirements,  conducted  by  the  Human  Resources  Research  Organization 
at  the  request  of  the  U.S.  Army  Aviation  School.  The  effort  was  carried  out  in  ltU57-t>8 
as  a  Technical  Advisory  Service  and  built  upon  methodology,  data,  and  concepts  devel¬ 
oped  in  llumRUO  Work  Units  KUllO.  ROTOR,  and  SYNTRA1N. 

The  major  findings  and  conclusions  of  this  study  were  reported  to  the  Assistant 
Commandant,  USAAVNS.  and  the  Director.  Department  of  Advanced  Fixed  Wing 
Training.  USAAVNS.  through  briefings  and  a  consulting  report  providing  documentation 
of  the  details  of  the  study  and  its  findings.  The  present  report  is  being  issued  because  of 
the  continuing  interest  which  agencies  concerned  with  pilot  training  device  studies  have 
expressed  in  the  methodology  used  in  this  study  to  analyze  aviation  training  device 
requirements. 

This  activity  and  Work  Units  SYNTRAIN.  KCIIO.  and  ROTOR  are  part  of  the 
device  research  program  of  HumRRO  Division  No.  (?  (Aviation)  at  Fort  Rucker.  Alabama. 
Dr.  Wallace  W.  Prophet  is  Director  of  the  Division,  and  Dr.  Paul  W.  Caro  is  in  charge  of 
training  device  research  for  the  Division. 

Military  support  for  the  study  was  provided  by  the  U.S.  Army  Aviation  Human 
Research  Unit.  Fort  Rucker.  LTD  Robert  O.  Carter  is  the  present  Unit  Chief. 

In  developing  the  information  for  this  study,  the  cooperation  of  many  persons  at 
USAAVNS.  both  military  and  contractor,  was  necessary.  Of  special  note  was  the  contri¬ 
bution  of  the  Third  Army  Training  Aids  Center  in  constructing  the  U-21  Ute  procedures 
trainer  designed  by  HumRRO  personnel. 

Identification  of  proprietary  products  in  this  report  is  for  purposes  of  research 
documentation:  it  does  not.  in  itself,  constitute  an  official  endorsement  by  either 
HumRRO  or  the  Department  of  the  Army. 

HumRRO  research  for  the  Department  of  the  Army  is  conducted  under  Contract 
DAHC  19-70-C-0012.  Training.  Motivation,  Leadership  Research  is  conducted  under 
Army  Project  2Q0R2107A712. 


Meredith  P.  Crawford 
President 

Human  Resources  Research  Organization 
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SUMMARY  AND  CONCLUSIONS 


MILITARY  PROBLEM 

Over  a  period  of  several  decades  there  has  been  a  significant  increase  in  the 
complexity  of  Army  aircraft  and  the  Army’s  aviator  mission.  During  World  War  II,  light, 
single-engine  aircraft  wore  employed  principally  in  aerial  reconnaissance  roles.  By  the 
mid-1960s,  helicopters  constituted  a  significant  part  of  the  Army’s  aircraft  inventory,  and 
multi-engine  reciprocating  and  turbine-powered  aircraft  also  had  been  added.  The  aviation 
mission  had  undergone  corresponding  expansion  to  meet  the  requirements  of  warfare  in 
Southeast  Asia.  The  training  required  for  Army  aviators  who  were  destined  to  fly  the 
more  complex  aircraft  had  become  a  major  undertaking.  With  a  requirement  to  train  over 
7,000  new  aviators  each  year  and  to  provide  advanced  training  to  thousands  more,  the 
operation  of  pilot  training  programs  became  extremely  costly. 

During  the  1960s,  in  support  of  the  Army’s  growing  aviation  role,  HumRRO 
Division  No.  6  (Aviation)  undertook  a  program  of  research  in  the  design  and  utilization 
of  training  devices  for  pilot  training.  The  program  included  inexpensive,  low  fidelity 
mockup  devices  for  procedures  training  as  well  as  relatively  expensive,  high  fidelity 
aircraft  simulators  in  which  extensive  mission-specific  training  could  be  conducted.  The 
research  program  also  included  the  development  of  techniques  to  be  employed  in  the 
study  of  the  cost-effectiveness  of  such  devices  when  utilized  in  a  specific  training 
program. 

In  Fiscal  Year  1967,  two  “off-the-shelf”  aircraft,  the  T-42  and  the  U-21,  were  added 
to  the  Army’s  inventory  of  fixed  wing  aircraft.  No  training  devices  were  available  for 
either  aircraft,  and  the  U.S.  Army  Aviation  School,  the  agency  responsible  for  training  in 
each,  was  concerned  over  the  adequacy  of  existing  Army  fixed  wing  training  devices  to 
meet  training  requirements  such  as  those  resulting  from  the  introduction  of  the  new 
aircraft. 

Because  it  was  felt  that  training  devices  offer  great  potential  for  reducing  training 
costs  and  upgrading  the  quality  of  flight  instruction,  HumRRO  was  requested  to  review 
the  T-42  and  U-21  training  programs  and  determine  the  requirements  for  training  devices 
for  them.  Where  requirements  for  mockup  type  devices  might  be  identified,  HumRRO 
assistance  also  was  requested  in  constructing  devices  and  developing  training  programs  to 
be  used  with  them. 

The  various  phases  of  the  study  were  completed  by  HumRRO  Division  No.  6,  and 
the  findings  were  reported  to  the  Aviation  School  during  FY  1968  for  their  operational 
application  as  appropriate.  While  current  Army  aviation  training  is  geared  to  lower 
manpower  requirements  and  its  emphasis  has  shifted  more  heavily  to  rotary  wing 
requirements,  the  training  device  considerations  evaluated  in  the  research  remain  relevant 
for  both  military  and  some  civilian  types  of  flight  instruction.  This  report  has  therefore 
been  prepared  to  provide  a  record  of  the  concepts  and  methodology  that  were  developed 
to  analyze  the  various  types  of  training  and  their  differential  requirements  for  training 
devices  and  to  illustrate  their  application. 
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RESEARCH  PROBLEM 


The  two  new  aircraft  which  precipitated  the  Army’s  interest  in  new  devices  had  to 
be  viewed  in  the  context  of  the  over-all  Aviation  School  pilot  training  program.  While  the 
aircraft  for  which  training  is  intended  is  a  major  determiner  of  the  content  of  any 
training  program,  consideration  also  must  be  given  to  the  skills  possessed  by  the  trainee 
prior  to  training  and  to  the  usefulness,  during  subsequent  operational  assignments,  of  any 
training  received.  For  example,  the  T-42  is  an  aircraft  used  for  undergraduate  pilot 
training  only,  and  is  not  used  operationally  by  the  Army.  The  U-21,  on  the  other  hand, 
is  an  operational  aircraft,  and  v'rmy  policy  limits  training  in  it  to  relatively  experienced 
aviators. 

With  the  concurrence  of  the  Aviation  School,  the  proposed  research  was  expanded 
to  a  systematic  study  of  synthetic  training  requirements  for  all  fixed  wing  pilot  training 
programs  conducted  by  the  Aviation  School.  During  the  course  of  the  study,  the  scope 
was  further  expanded  to  include  the  development  of  cost  information  relative  to  a 
particular  training  device  in  the  T-42  training  program,  so  that  cost-effectiveness  data 
might  be  used  in  making  a  decision  on  acquiring  an  off-the-shelf  device  for  that  program. 

Speaking  more  generally,  the  research  problem  was  to  develop  a  method  for 
analyzing  training  programs  in  such  a  way  that  specific  and  differential  needs  l'or  training 
devices  could  be  determined,  and  the  adequacy  of  available  devices  for  meeting  those 
needs  could  be  evaluated. 


APPROACH 

To  accomplish  the  requested  study,  a  group  of  HumRRO  aviation  psychologists  and 
technicians  acquired  detailed  information  on  each  fixed  wing  training  course- and  each 
phase  of  each  such  course— conducted  by  the  Aviation  School.  Already  thoroughly 
familiar  with  Army  aviation  training  through  years  of  specialized  research  in  the  field,  the 
group  reviewed  the  syllabi  of  each  course,  conducted  extensive  interviews  with  fixed  wing 
instructor  pilots  and  flight  training  administrators,  observed  training  activities  at  the 
Aviation  School  at  Fort  Rucker  and  at  the  U.S.  Army  Aviation  School  Element  at  Fort 
Stewart,  and  participated,  both  as  pilots  and  as  observers,  in  a  number  of  training  flights. 
Visits  were  also  made  to  other  pilot  training  programs  and  to  training  device 
manufacturers. 

The  research  staff  also  reviewed  records  to  determine  the  typical  flow  of  trainees 
through  the  Army’s  graduate  and  undergraduate  pilot  training  program  and  to  determine 
the  prerequisites  and  typical  qualifications  of  trainees  entering  each  course  under  study. 
Available  planning  documents  were  reviewed,  and  future  plans  of  the  Army  concerning 
requirements  for  fixed  wing  aviators  and  the  conduct  of  their  training  were  forecast. 

In  order  to  be  assured  that  training  device  requirements  defined  were  directly  related 
to  needs  of  the  Army  that  were  relatively  stable,  the  first  step  in  the  analysis  consisted  of 


VIII 


defining  the  probable  training  environment  of  Army  aviation.  It  was  defined  in  the  form 
of  a  series  of  assumptions  concerning  Army  aviation  fixed  wing  training  as  it  can  be 
expected  to  exist  for  perhaps  five  years.  These  assumptions,  defined  to  provide  policy 
guidance  for  drawing  conclusions,  were: 

(1)  The  Army  Aviation  School  mission  is  to  provide  the  following  four  types 
of  fixed  wing  flight  training  to  Army  Officers,  Warrant  Officers,  and  Warrant  Officer 
Candidates. 

(a)  Contact  flight  training  to  trainees  who  either  have  r';.  devious 
aeronautical  ratings  or  have  rotary  wing  ratings  only. 

(b)  Instrument  flight  training  to  trainees  who  either  have  no  previous 
instrument  rating  or  have  rotary  wing  instrument  ratings  only. 

(c)  Twin-engine  qualification  for  trainees  who  either  are  fixed  wing  rated 
or  are  undergoing  initial  entry  fixed  wing  training. 

(d)  Transition  training  to  a  particular  tactical  aircraft  for  trainees  who  are 
fixed  wing,  twin-engine,  instrument-rated  Army  aviators. 

(2)  The  initial  contact,  instrument,  and  twin-engine  qualification  phases  of 
fixed  wing  training  will  continue  to  be  conducted  in  aircraft  that  have  been  assigned  no 
tactical  mission. 

(3)  Initial  fixed  wing  contact  flight  training  will  continue  to  be  conducted  in 
the  T-41  or  a  similar  aircraft. 

(4)  Present  Army  single-engine  tactical  fixed  wing  aircraft  are  obsolete  and  will 
be  phased  out  of  the  inventory.  The  tactical  mission's  they  perform  will  be  performed  by 
rotary  wing  or  multi-engine  fixed  wing  aircraft  in  the  future. 

(5)  Instrument  flight  training  and  twin-engine  qualification  will  continue  to  be 
conducted  in  the  T-42  or  a  similar  nontacticai,  multi-engine  aircraft. 

(6)  All  Aviation  School  training  for  multi-engine  tactical  aircraft  will  continue 
to  be  conducted  at.  one  location,  thus  allowing  concentration  of  appropriate  training 
equipment. 

RESULTS 

(1)  Each  fixed  wing  aviator  course,  by  phase,  was  analyzed  and  described  in  terms 
of  (a)  its  training  objective,  (b)  the  qualifications  of  its  entering  trainees,  (c)  the  character¬ 
istics  of  the  aircraft  in  which  training  was  being  conducted,  and  (d)  the  use,  if  any,  being 
made  of  training  devices. 

Training  programs  of  other  military  and/or  civilian  pilot  training  organizations 
that  were  similar  were  reviewed  with  respect  to  their  use  of  training  devices.  The 
principal  device  characteristics  which  could  be  used  to  attain,  in  whole  or  in  part,  the 
stated  objectives  of  each  course  were  identified. 


All  known  devices  which  might  be  judged  suitable  were  reviewed  and  analyzed, 
and  conclusions  were  drawn  concerning  the  introduction  of  devices  in  each  training 
course  which  would  be  expected  to  lead  to  more  cost-effective  pilot  training. 

(2)  In  the  courses  in  which  T-42  training  is  conducted,  a  particular  commercially 
available  training  device  was  judged  appropriate  for  use  to  facilitate  the  cost-effective 
attainment  of  the  Army’s  stated  training  objectives.  At  the  request  of  the  Aviation 
School,  the  cost  of  training  in  that  device  was  compared  with  cost  of  training  in  the  T-42 
aircraft.  The  cost  study  approach  used  was  under  development  at  that  time  by  HumRRO 
in  a  study  of  rotary  wing  training  device  cost  effectiveness. 

(3)  In  the  course  which  conducted  training  in  the  U-21,  a  procedures  training  device 
was  developed  with  the  assistance  of  the  Third  U.S.  Army  Training  Aids  Center.  Use  of 
this  device— a  full-scale  mookup  of  the  aircraft  cockpit— by  the  Department  of  Fixed  Wing 
Training  reduced  requirements  for  use  of  the  aircraft  for  procedures  training,  and  thus  led 
to  an  increase  in  the  amount  of  flight  training  time  available  in  the  aircraft. 


CONCLUSIONS 

(1)  The  majority  of  existing  fixed  wing  training  devices  were  not  optimally  suited  to 
existing  Army  training  requirements. 

(2)  Appropriate  use  of  training  devices  prior  to  or  early  in  contact  flight  training 
•  has  typically  led  to  reductions  in  flight-related  attrition  among  trainees,  reductions  in 

time  required  to  meet  various  flight  criteria,  and  improved  performance  during  training. 

(3)  A  particular  commercially  available  device,  to  be  used  with  a  simple  extra- 
cockpit  symbolic  visual  presentation,  was  judged  to  be  appropriate  for  use  in  the  Army’s 
initial  contact  flight  training  program. 

(4)  No  existing  devices  were  considered  optimum  to  the  Army’s  instrument  flight 
training  and  twin-engine  qualification  training  requirements.  The  development  of  devices 
with  appropriate  characteristics  would  require  a  considerable  period  of  time. 

(5)  A  particular  commercially  available  device  under  development,  while  not 
optimum,  would  be  suitable  for  use  in  fixed  wing  instrument  and  twin-engine  transition 
training.  Use  of  this  device  was  projected  to  be  cost  effective, 

(6)  The  approach  used  by  the  Aviation  School  for  the  acquisition  and  use  of 
I  relatively  sophisticated  rotary  wing  aircraft  simulators  can  serve  as  a  useful  model  for  the 

IS  design  and  acquisition  of  comparable  fixed  wing  training  equipment  for  use  in  training 

!  !  •  ! 

programs  which  involve  transition  to  tactical  aircraft. 

(7)  The  Aviation  School  would  benefit  from  the  expanded  use  of  procedures 
training  devices  in  each  course  involving  transition  to  its  more  sophisticated  aircraft. 

i  (8)  The  systematic  method  developed  in  the  research  to  analyze  courses  with 
;  reference  to  training  device  requirements  appeared  to  provide  a  practical  and  meaningful 
approach  to  determining  and  differentiating  training  device  needs  and  evaluating  available 
training  device  equipment. 
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THE  PROBLEM 


The  increase,  continuing  over  the  past  several  decades,  in  the  complexity  of  Army 
aircraft  and  of  the  Army  aviator’s  missions  has  placed  a  heavy  training  requirement  on 
the  Army  aviation  training  system.  In  recent  years,  this  requirement  has  involved  the 
training  of  as  many  as  7,400  new  aviators  in  a  single  year  and  the  advanced  training  of 
additional  thousands. 

Because  of  both  the  complexity  and  the  expense  of  training  aviators  to  the 
performance  levels  and  diversity  needed  for  accomplishing  Army  missions,  the  U.S.  Army 
Aviation  School  at  Fort  Rucker,  Alabama,  is  a  major  user  of  synthetic  flight  training 
equipment.  However,  when  two  “off-the-shelf”  aircraft,  the  T-42  and  the  U-21,  were 
added  to  the  Army’s  inventory  of  fixed  wing  aircraft  in  Fiscal  Year  1967,  no  training 
devices  were  available  for  either  aircraft.  Further,  most  of  the  devices  being  used  in  other 
training  courses  with  other  aircraft  can  best  be  described  as  “hand-me-downs”— designed 
to  meet  training  requirements  of  other  services  in  bygone  eras,  and  at  best  marginally 
suited  to  present  Army  training  requirements.  Advances  in  Army  aircraft  and  the 
techniques  for  employing  them  had  not  been  matched  by  advances  in  Army  synthetic 
training  capabilities. 

Development  of  improved  equipment  for  Army  rotary  wing  training  has  been  under 
way  since  FY  1966.  That  equipment  is  known  as  the  Synthetic  Flight  Training  System 
(SFTS)  (1).  The  SFTS  consists  of  modern  synthetic  trainers  that  will  enable  the  Aviation 
School  to  implement  currently  available  aviation  training  technology  in  their  various 
rotary  wing  training  programs.  Comparable  equipment  for  Army  fixed  wing  training  is 
not  on  hand  or  under  development. 

In  FY  1968,  Aviation  School  training  authorities  were  concerned  not  only  about  the 
need  for  training  devices  resulting  from  the  introduction  of  the  T-42  and  U-21  aircraft, 
but  also  about  the  general  adequacy  of  training  devices  in  other  fixed  wing  training 
courses.  Taking  the  view  that  training  devices  offer  great  potential  for  reducing  training 
costs  and  upgrading  the  quality  of  flight  instruction,  the  School  asked  HumRRO  to 
review  the  T-42  and  U-21  training  programs  to  determine  the  requirements  for  training 
devices  in  these  courses  and  to  perform  some  evaluative  and  developmental  device  work. 

The  research  programs  which  HumRRO  Division  No.  6  (Aviation)  had  conducted  in 
support  of  the  Army  aviation  training  mission  during  the  1960s  dealt,  in  part,  with  design 
and  utilization  of  devices  for  pilot  training  and  had  ranged  Lorn  exploration  of  inexpen¬ 
sive  low  fidelity  devices  for  procedures  training  to  design  factors  for  high  fidelity  aircraft 
simulators.1  For  example,  the  Division  participated  in  the  development  of  the  SFTS  for 
rotary  wing  training. 

'This  research  was  performed  primarily  under  Work  Unit  ECHO,  Synthetic  Flight  Training 
Programs  and  Devices,  and  Work  Unit  ROTOR,  Design  of  Rotary  Wing  Training  Devices,  and  is 
continuing  under  Work  Unit  SYNTRAIN,  Modernization  of  Synthetic  Training  in  Army  Aviation. 
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The  requested  research  related  specifically  to  training  devices  for  the  T-42  and  U-21 
aircraft  was  completed  by  HumRRO  during  FY  1968  and  the  findings  were  reported  to 
the  Aviation  School  at  that  time.  While  present  Army  aviation  raining  is  geared  to  low°r 
manpower  requirements  than  in  1968,  the  concepts  and  methodology  used  in  this 
training  analysis  and  device  evaluation  remain  relevant  for  both  military  and  some  civilian 
types  of  flight  instruction. 

This  report  has  therefore  Leen  prepared  to  provide  a  record  of  the  methods 
developed  for  the  training  analysis,  the  conceptual  approaches  used  in  contrasting  the 
demands  of  various  kinds  of  training,  and  the  resulting  evaluation  of  the  devices  then 
available.  No  attempt  has  been  made  to  update  the  information  on  status  or  availability 
of  devices,  since  the  purpose  of  the  report  is  to  describe  a  methodology  for  analysis 
rather  than  to  report  the  evaluations  as  such. 


RESEARCH  OBJECTIVES 

The  primary  objective  of  the  study  reported  here  was  to  determine  whether  the 
effectiveness  of  the  U.S.  Army’s  fixed  wing  aviator  training  program  might  be  enhanced 
through  the  increased  use  of  synthetic  flight  training  equipment.  Where  it  could  be 
concluded  that  training  effectiveness  would  be  thus  increased,  the  objective  included 
specifying  the  principal  characteristics  of  appropriate  training  devices  and  identifying 
sources  of  devices  with  such  characteristics,  if  available. 

On  the  assumption  that  procedures  training  devices  would  increase  the  effectiveness 
of  aviator  training  in  the  Army’s  U-21  transition  course,  a  secondary  objective  was  stated 
for  the  research,  that  of  assisting  the  Aviation  School  in  developing  relatively  low  cost 
devices  to  be  used  for  U-21  procedures  training  (earlier  HumRRO  research  with  such 
devices  had  demonstra  ed  their  effectiveness  in  procedures  training).  During  the  course  of 
the  study,  another  objective  was  added— determining  the  probable  cost  effectiveness  of 
introducing  a  particular  commercially  available  device  for  use  in  the  Army’s  fixed  wing 
instrument  and  twin  engine  qualification  training  programs. 


APPROACH 

The  research  team  organized  at  HumRRO  Division  No.  6  (Aviation)  consisted  of 
aviation  and  human  factors  psychologists  and  technicians.  All  of  the  team  members  had 
previous  experience  with  pilot  training  and  training  device  research  in  support  of  Army 
aviation  and  were  familiar  with  the  training  devices  development  activities  of  various 
manufacturers. 

To  accomplish  the  primary  objective,  the  study  team  engaged  in  a  series  of  activities 
oriented  toward  comprehensive  analysis  of,  need  for,  and  availability  of  training  devices. 
These  activities  included  reviews,  by  phase,  of  each  fixed  wing  pilot  training  program 
conducted  by  the  Aviation  School,  identification  of  considerations  pertinent  to  the  use  of 
training  devices  in  each  of  those  programs,  and  evaluation  of  all  available  devices  that 
might  be  appropriate  for  use  in  them. 
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To  meet  the  supplementary  objectives,  design  concepts  and  information  and  human 
factors  support  were  provided  to  the  Third  U.S.  Army  Training  Aids  Center  at  tort 
Rucker  in  developing  a  procedures  training  device  for  the  U-21  aircraft,  and  data 
provided  by  the  Aviation  School  and  a  training  device  manufacturer  were  used  in 
developing  cost-effectiveness  information  concerning  the  use  of  a  commercially  available 
device  in  the  Army’s  instrument  training  and  twin  engine  transition  programs. 

The  assumptions  and  constraints  that  provided  the  context  for  the  study  are  stated 
in  the  following  subsection,  after  which  the  methods  used  for  the  analysis  of  training 
device  needs  will  be  described  in  some  detail.  The  methods  used  in  meeting  the  other 
objectives  will  then  be  described  briefly  but,  since  this  work  was  not  directly  a  part  of 
the  training  device  needs  analysis,  details  of  these  supplementary  projects  will  be 
presented  in  appendices  rather  than  in  the  main  report. 


STUDY  ASSUMPTIONS  AND  LIMITATIONS 

By  its  nature,  the  conduct  of  this  research  required  a  limited  look  into  the  future  as 
well  as  study  of  the  present.  It  cannot  be  concluded,  for  example,  that  acquiring  a 
particular  training  device  would  be  cost  effective  unless  it  may  be  assumed  that  the 
requirement  for  the  device  is  a  relatively  stable  one.  Thus,  an  initial  step  in  the  conduct 
of  the  study  was  to  state  certain  assumptions  concerning  the  nature  of  the  Army’s  fixed 
wing  training  requirements.  These  assumptions  then  provided  guidance  of  a  policy  nature 
for  the  drawing  of  conclusions  during  subsequent  study  activities. 

The  assumptions  underlying  this  study  were  derived  on  the  basis  of  review  of 
available  Army  planning  documents  and  discussions  of  future  Aviation  School  activities 
with  cognizant  Army  personnel.  These  assumptions,  made  with  regard  to  probable 
training  circumstances  for  a  period  of  perhaps  five  years,  were: 

(1)  The  mission  of  the  U.S.  Army  Aviation  School  requires  it  to  provide  the 
following  types  of  fixed  wing  flight  training  to  Army  Officers,  Warrant  Officers,  and 
Warrant  Officer  Candidates: 

(a)  Contact  flight  training  to  trainees  who  either  have  no  previous 
aeronautical  ratings  or  have  rotary  wing  ratings  only. 

(b)  Instrument  flight  training  to  trainees  who  either  have  no  previous 
instrument  rating  or  have  rotary  wing  instrument  ratings  only. 

(c)  Twin  engine  qualification  for  trainees  who  either  are  fixed  wing  rated 
or  are  undergoing  initial  entry  fixed  wing  training. 

(d)  Transition  training  to  a  particular  tactical  aircraft  for  trainees  who  are 
fixed  wing,  twin-engine,  instrument-rated  Army  aviators.1 

(2)  The  initial  contact,  instrument,  and  twin-engine  qualification  phases  of 
fixed  wing  training  will  continue  to  be  conducted  in  aircraft  that  have  been  assigned  no 
tactical  mission. 

1  A  fifth  aspect  of  the  Aviation  School  fixed  wing  training  mission,  that  of  providing  tactical 
training  of  the  type  given  in  the  final  phase  of  the  OAVOFWAC,  is  not  included  here.  It  is  assumed  that 
training  will  not  be  performed  when  the  0-1  aircraft  is  phased  out  (see  4th  assumption). 
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(3)  Initial  fixed  wing  contact  flight  training  will  continue  to  be  conducted  in 
the  T-41  aircraft  or  in  another  aircraft  of  similar  configuration,  power,  and  gross  weight. 

(4)  Present  Army  single-engine  tactical  fixed  wing  aircraft  are  obsolete  and  will 
be  phased  out  of  the  inventory.  The  tactical  missions  they  now  perform  will  be 
performed  by  rotary  wing  or  multi-engine  fixed  wing  aircraft  in  the  future. 

(5)  Instrument  fight  training  and  twin-engine  qualification  will  continue  to  be 
conducted  in  the  T-42  aircraft  or  in  another  nontactical  multi-engine  aircraft  of  similar 
configuration,  power,  and  gross  weight. 

(6)  All  training  for  multi-engine  tactical  aircraft  for  which  the  Aviation  School 
has  responsibility  will  continue  to  be  conducted  at  one  location,  thus  allowing  concen¬ 
tration  of  training  equipment  appropriate  to  that  function. 

It  was  beyond  the  scope  of  this  research  to  perform  a  detailed  study  and  analysis 
of  the  potential  operational  mission  requirements  which  future  Army  Aviation  train¬ 
ing  will  support.  Therefore,  the  study  is  based  on  projected  continuation  of  present 
types  of  training  activities  and  assumes  these  will  be  appropriate  for  future  operational 
mission  requirements. 

It  should  be  noted  also  that  this  report  deals  only  with  fixed  wing  training  device 
requirements  of  the  Aviation  School  at  Fort  Rucker  and  the  Aviation  School  Element  at 
Fort  Stewart.  The  scope  of  the  effort  did  not  permit  study  of  aviation  training  require¬ 
ments  at  non-USAAVNS  aviation  units— for  example,  in  the  training  given  in  the  OV-1  at 
Fort  Huachuca;  for  devices  to  be  used  in  the  maintenance  of  proficiency  on  instrument 
and  other  flight-related  tasks  by  Army  aviators;  or  in  the  use  of  synthetic  flight  training 
equipment  for  the  primary  or  secondary  selection  of  aviator  trainees.  To  be  complete,  a 
study  of  fixed  wing  training  device  requirements  for  the  Army  should  include  considera¬ 
tion  of  such  additional  factors. 


METHODS  USED  TO  ANALYZE 
TRAINING  DEVICE  NEEDS 

Review  of  Fixed  Wing  Training 

Initial  preparation  for  the  analysis  of  training  device  requirements  consisted  of 
reviewing  all  training  documents  associated  with  fixed  wing  training  at  the  Aviation 
School.  These  documents  included  lesson  plans  and  syllabi,  class  schedules,  student  grade 
folders,  and  all  available  planning  documents.  The  research  staff  visited  each  training 
location  to  observe  the  training  being  conducted,  and  interviewed  instructional  and 
administrative  personnel  and  students  concerning  the  nature  of  that  training.  The  staff 
members  familiarized  themselves  with  each  fixed  wing  aircraft  if  they  were  not  already 
sufficiently  knowledgeable;  this  process  included  completing  transition  requirements  for 
two  training  aircraft. 

Visits  were  made  by  the  research  staff  to  several  locations  where  comparable  pilot 
training  programs  were  being  conducted.  These  included  Navy,  Air  Force,  and  civilian 
agencies. 


On  the  basis  of  analyses  of  the  information  thus  obtained,  a  description  was 
prepared  for  each  fixed  wing  training  course,  by  phase,  conducted  by  the  Aviation 
School.  These  descriptions  were  organized  for  easy  comparison  across  courses  to  facilitate 
the  identification,  if  any  of  common  training  requirements.  The  organization  consisted  of 
separate  but  parallel  descriptions  of  each  course  according  to  (a)  its  training  objectives, 

(b)  assessment  of  the  skills  and  knowledges  possessed  by  the  students  prior  to  training, 

(c)  description  of  the  aircraft  in  which  training  is  conducted,  and  (d)  identification  of  any 
training  devices  used  in  the  course. 

Identification  of  Training  Device  Considerations 

Two  principal  activities,  conducted  concurrently,  provided  the  bases  for  determining 
whether  training  devices  could  contribute  to  the  effectiveness  of  the  conduct  of  the 
courses  under  study. 

(1)  Practices  in  training  programs  other  than  those  at  the  Aviation  School  were 
determined. 

(a)  All  other  known  training  programs  were  reviewed  to  determine  whether 
training  devices  were  being  used  in  them,  and  if  so,  to  obtain  descriptions  of  those 
devices.  While  the  previously  mentioned  visits  to  Navy,  Air  Force,  and  civilian  training 
agencies  were  useful  in  accomplishing  this  activity,  it  was  found  that  information  related 
specifically  to  training  device  usage  could  be  obtained  efficiently  by  telephone  contact. 

(b)  A  literature  search  was  made  to  identify  studies  which  had  evaluated  the 
effectiveness  of  training  devices  in  various  pilot  training  programs.  To  supplement  the 
literature  survey,  persons  were  contacted  who  were  known  by  the  research  staff  to  be 
engaged  in  research  on  training  device  design  and  utilization,  and  their  opinions  con¬ 
cerning  the  adequacy  of  various  training  devices  were  solicited. 

(2)  The  characteristics  of  devices  required  to  support  each  Army  fixed  wing  training 
program  were  identified.  The  approach  used  was  based  upon  concurrent  HumRRO 
research  which  has  been  reported  elsewhere  (2).  It  consisted  of  the  systematic  analysis  of 
stimuli  and  responses  involved  in  the  performance  of  those  skills  for  which  training  was 
intended. 

The  procedures  employed  were  those  associated  with  conduct  of  an  equipment- 
device  Task  Commonality  Analysis  (TCA).  These  procedures  identify  task  elements 
of  criterion  performance  in  the  operational  equipment.  Inasmuch  as  the  TCA  proce¬ 
dures  were  then  under  development,'  the  analyses  conducted  in  the  present  study 
were  largely  informal.  Nevertheless,  they  provided  a  basis  for  the  identification  of 
characteristics  of  training  devices  which  could  be  expected  to  contribute  to  the  effec¬ 
tiveness  of  each  course  under  study. 

Evaluation  of  Available  Devices 

The  Task  Commonality  Analysis  procedures  also  were  employed  to  evaluate*  the 
suitability  of  existing  devices  for  the  fixed  wing  courses  under  study.  While  these 


'They  have  since  been  reported  in  HumRRO  TR  70-7  (2). 
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procedures  were,  again,  informal  because  they  were  still  under  development  at  that  time, 
they  provided  the  means  for  identifying  the  stimulus-response  components  of  the  devices. 
They  were  used  for  each  pilot  training  device  currently  in  the  Army’s  inventory, 
regardless  of  whether  it  was  being  used  for  the  course  under  study,  as  well  as  for  each 
non-Army  dev.  ,*e  that  was  judged  even  remotely  suitable. 

Based  upon  the  evidence  thus  assembled,  conclusions  were  drawn  concerning  training 
device  requirements  for  each  fixed  wing  course,  by  phase,  conducted  by  the  Aviation 
School.  These  conclusions  are  reported  as  part  of  the  separate  section  of  this  report 
which  presents  the  review  resulting  from  the  analysis  activities. 


SUPPLEMENTARY  RESEARCH 
Cost-Effectiveness  Analysis 

One  of  the  conclusions  resulting  from  the  main  analysis  was  to  the  effect  that  a 
particular  device  then  under  development  by  a  training  device  manufacturer  would  be 
suitable  for  use  in  the  Army’s  fixed  wing  instrument  and  twin-engine  transition  training 
programs.  Following  discussion  with  the  Aviation  School,  that  conclusion  resulted  in  two 
further  activities: 

(1)  Relevant  portions  of  the  TCA  data  were  made  available  through  the 
Aviation  School  to  that  manufacturer  to  enable  him  to  modify  the  cockpit  portion  of  his 
device  to  more  closely  resemble  the  training  aircraft. 

(2)  A  study  was  conducted  to  determine  the  impact  that  introduction  of  that 
device  could  be  expected  to  have  upon  training  costs  in  the  Aviation  School’s  program. 

The  procedures  used  in  the  cost  study  were  being  developed  by  HumRRO 
in  another  research  project  and  subsequently  have  been  reported  elsewhere  (3).  They 
involved  computation  of  all  costs  that  could  be  attributed  to  the  conduct  of  instrument 
and  twin-engine  transition  training  in  the  course  separately  for  the  flight  and  the 
synthetic  flight  training  portions.  Based  upon  these  data,  estimates  were  developed  of 
annual  costs  and  possible  savings  associated  with  selected  combinations  of  flight  and 
synthetic  flight  training. 

These  computations  were  supplied  to  the  Aviation  School  for  use  in 
considering  possible  adoption  of  the  device.  They  are  presented  in  Appendix  A;  the 
methods  used  for  the  computation  are  described  elsewhere  (3)  in  greater  detail. 

Development  of  Low-Cost  Procedures  Trainers 

As  the  study  verified  the  assumed  requirements  for  a  procedures  training  device  in 
the  U-21  transition  course,  its  development  was  undertaken  in  conjunction  with  the  Third 
U.S.  Army  Training  Aids  Center.  Specifications  for  the  device  were  developed  by 
HumRRO,  based  upon  previous  HumRRO  research  (4,  5,  6,  7,  8),  and  all  construction 
was  accomplished  by  Training  Aids  Center  personnel. 

Upon  completion  of  the  development  and  check  out  of  the  U-21  procedures  trainer, 
the  study  staff  developed  a  training  program  for  use  with  it.  The  trainer  was  then 
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delivered  to  the  Aviation  School  and  incorporated  into  the  U-21  transition  training 
program.  The  trainer  and  the  program  for  its  use  are  described  in  Appendix  B. 


A  REVIEW  OF  TRAINING  DEVICE  CONSIDERATIONS  IN 
FIXED  WING  FLIGHT  TRAINING  COURSES 

This  section  presents  the  analysis  of  training  device  needs  and  the  evaluation  of 
available  devices  that  was  produced  in  1968.  No  effort  has  been  made  to  update  details 
of  information  on  training  courses  or  device  availability  or  to  review  the  conclusions  for 
current  applicability,  because  the  primary  purpose  of  reproducing  the  review  here  is  to 
illustrate  the  application  of  the  concepts  and  methods  developed  in  the  study.  Presenting 
a  fully  current  statement— as  of  1968— for  operational  use  was  accomplished  by  sub¬ 
mitting  this  review  to  the  Aviation  School  at  the  time  the  analysis  was  completed.  To  the 
extent  that  the  assumptions  about  Army  aviation  are  still  applicable,  and  to  the  extent 
that  there  are  not  newly  available  training  devices  or  equipment  that  would  supersede 
those  analyzed,  the  conclusions  can  be  considered  to  be  current. 


PRIMARY  CONTACT  TRAINING  (O/WOFWAC,  Phase  A)1 
Description  of  the  Phase 

Phase  Objective.  The  objective  of  the  primary  contact  phase  of  the  Officers  and 
Warrant  Officers  Fixed  Wing  Aviators  Course  (O/WOFWAC)  is  to  train  commissioned 
officers,  warrant  officers,  and  warrant  officer  candidates  in  the  basic  flying  techniques 
required  to  fly  fixed  wing  aircraft. 

All  flight  training  in  this  phase  is  conducted  under  visual  flight  rules.  The 
content  of  the  course  is  limited  to  training  the  aviator  to  perform  normal  day  and  night 
take-off  and  landing  operations;  traditional  coordination  exercises  (e.g.,  stalls  and  eights 
around  pylons),  forced  landings,  and  day  cross-country  navigation.  The  flight  training 
consists  of  50  hours  of  dual  instruction  and  solo  practice,  and  the  graduate  has  skills 
approximately  comparable  to  those  required  for  the  award  of  a  civilian  private  pilot 
license. 

Trainee  Qualification.  This  is  an  initial  entry  flight  training  course,  and  trainees 
accepted  for  it  typically  have  no  prior  aeronautical  ratings  or  experience.  To  be  eligible, 
commissioned  officers  and  warrant  officers  must  meet  the  requirements  for  Army 
aviation  flight  training,  as  established  by  AR-61 1-110  (9),  and  warrant  officer  candidates 
must  have  successfully  completed  the  Warrant  Officer  Indoctrination  Training  Preflight 
Course. 

Training  Aircraft.  The  aircraft  used  in  Phase  A  is  the  T-41,  a  light,  four-place, 
high-wing,  single-engine  aircraft  that  has  been  assigned  no  tactical  mission  in  the  Army. 


'At  the  time  of  publication  of  this  Technical  Report,  the  Officer/VVarrant  Officer  Fixed  Wing 
Aviator  Course  had  been  discontinued. 
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The  T-41  also  is  used  as  a  primary  flight  trainer  by  the  U.S.  Air  Force.  Its  civilian  version 
is  the  Cessna  172E.1  Its  flight  controls  and  aerodynamic  characteristics  are  similar  to 
those  of  other  light  aircraft  typically  used  in  civilian  private  pilot  training  programs. 

Present  Training  Devices.  Six  hours  of  synthetic  flight  training  are  given,  using  the 
1-CA-l,  a  1946-vintage  fixed  wing  basic  instrument  trainer.  The  device  training  program 
consists  of  familiarization  with  the  device  and  an  introduction  to  instrument  flight 
techniques.  The  use  of  the  1-CA-l  during  the  primary  contact  phase  is  intended  to 
facilitate  subsequent  instrument  flight  training  rather  than  as  an  aid  to  Phase  A  flight 
training. 

Training  Device  Considerations 

Review  of  Training  Devices  Used  in  Similar  Training  Programs 

Primary  contact  flight  training  in  the  O/VVOFWAC  is  comparable  to  civilian 
private  pilot  training,  to  primary  contact  rotary  wing  training  at  the  U.S.  Army  Primary 
Helicopter  School  (USAPHS),  and  to  corresponding  phases  of  other  initial  entry  military 
flight  training  programs.  A  variety  of  training  devices  have  been  used  from  time  to  time 
in  such  training.  Some  of  the  devices  (e.g.,  the  12BK-1  Landing  Trainer,  10,  and  basic 
instrument  training  devices  similar  to  those  currently  used  in  Army  instrument  flight 
training  programs,  11)  have  been  of  little  or  no  positive  training  value.  Others  (e.g.,  the 
School  Link  and  the  Whirlymite  Helicopter  Trainer)  have  resulted  in  significant  reduc¬ 
tions  in  the  amount  of  flight  training  required  to  reach  criterion  performance  in  the  air 
(12),  and  to  significant  reduction  in  flight-related  attrition  among  trainees  (13). 

It  is  the  consensus  of  personnel  who  are  familiar  with  the  aviation  training 
literature  and  have  relevant  primary  flight  training  experience,  that  appropriate  use  of 
properly  designed  synthetic  flight  training  devices  prior  to  or  early  in  such  training  can 
lead  to  reductions  in  flight-related  trainee  attrition  and  in  the  time  required  to  meet 
various  flight  criteria,  as  well  as  to  improvements  in  performance  during  training.  Each  of 
these  benefits  was  demonstrated  in  an  Army  training  environment  during  the  experi¬ 
mental  use  by  HumRRO  of  the  Whirlymite  Helicopter  Trainer  in  primary  contact  rotary 
wing  training  at  the  USAPHS  (14).  Similar  improvements  in  flight  training  efficiency 
probably  would  result  from  the  use  of  an  equally  suitable  device  in  other  primary  contact 
flight  training  programs. 

Characteristics  Needed  in  Devices  for  Primary  Training 

The  transfer  of  flight  skills  from  a  synthetic  device  to  an  aircraft  is  dependent 
upon  the  degree  to  which  the  tasks  to  be  performed  in  the  device  correspond  to  the  tasks 
to  be  performed  in  the  aircraft— that  is,  the  degree  of  task  or  psychological  fidelity  of  the 
simulation.  Psychological  fidelity  is  limited  by  physical  or  engineering  fidelity— that  is,  by 
the  extent  to  which  the  device  looks  and  responds  like  the  aircraft  or  aircraft  type  being 
simulated.  The  degree  of  engineering  fidelity  required  to  provide  the  necessary  psycho¬ 
logical  fidelity  for  a  particular  training  application  depends  upon  the  specificity  of  the 
tasks  to  be  trained. 

'identification  of  proprietary  products  in  this  report  is  for  purposes  of  research  documentation;  it 
docs  not,  in  itself,  constitute  an  official  endorsement  by  cither  HumRRO  or  the  Department  of  the 
Army. 
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For  example,  where  the  training  to  be  provided  consists  of  learning  to  operate 
a  specific  high-performance  aircraft  within  close  tolerances  in  an  operational  environment, 
a  high  degree  of  engineering  fidelity  in  the  device  wouid  be  needed,  so  that  specific, 
detailed  tasks  could  be  learned  and  related  to  unique  aircraft  characteristics.  On  the  other 
hand,  where  the  training  to  be  provided  consists  of  learning  to  operate  any  one  of  a 
general  type  of  low  performance  aircraft  safely  while  performing  a  limited  number  of 
relatively  simple  maneuvers  to  generally  relaxed  tolerances,  a  much  lower  degree  of 
engineering  fidelity  in  the  device  is  indicated. 

In  the  former  case,  quantitatively'  accurate  reproduction  of  all  or  nearly  all 
physical  characteristics  of  the  aircraft  is  required  in  order  that  specific  skills  may  be 
learned  for  subsequent  transfer  to  the  aircraft;  this  requirement  is  for  accuracy  in  the 
simulation  of  amount  and  rate  of  change.  In  the  latter  case,  the  training  requirement  is 
only  for  the  development  of  general,  non-aircraft-specific  skills,  so  qualitative  rather  than 
quantitative  fidelity  of  reproduction  of  engineering  characteristics  is  required.  That  is,  the 
trainer  must  consistently  reproduce  responses  which  are  of  like  quality  to  those  of  the 
aircraft;  this  requirement  is  for  accuracy  in  the  direction  of  change.2 

In  the  case  of  a  primary  contact  flight  training  device,  the  tasks  being  learned 
do  not  dictate  a  requirement  for  a  high  degree  of  engineering  fidelity.  The  development 
of  a  high  level  of  skill  in  flying  the  T-41  is  of  no  particular  value  since  the  T-41  is  not  a 
tactical  aircraft.  The  maneuvers  performed  in  the  T-41  in  this  and  in  the  following  phase 
of  training  are  relatively  simple  and  are  performed  to  generally  relaxed  tolerances.  The 
major  objective  of  the  training  is  to  provide  a  base  upon  which  specific  and  detailed 
flight  skills  can  be  built,  rather  than  to  build  such  skills  in  flying  a  nontaclical  aircraft. 
Only  qualitative  engineering  fidelity  of  simulation  of  the  T-41  is  required  in  order  to 
provide  the  degree  of  psychological  fidelity  needed  to  assure  adequate  transfer  of  primary 
flight  skills. 

A  training  device  to  be  used  as  a  primary  contact  synthetic  flight  trainer,  then, 
should  have  the  following  characteristics: 

(1)  Flight  and  Engine  Dynamics.  The  exact  aerodynamic  and  engine 
characteristics  of  the  T-41  or  of  any  other  specific  aircraft  do  not  have  to  be  faithfully 
reproduced  in  a  primary  contact  flight  training  device.  It  is  necessary  only  that  all 
responses  of  the  device  to  pilot  control  input  be  qualitatively  similar  to  corresponding 
responses  of  the  training  aircraft.  It  is  important,  however,  that  all  significant  parameters 
of  the  engine  and  flight  dynamics  be  incorporated  in  the  device’s  design;  that  is,  the 
simulation  must  be  qualitatively  complete.  Power-on  stalls,  for  example,  can  be  practiced 
in  a  synthetic  flight  trainer  only  if  the  mathematical  model  used  in  the  flight  dynamics 
simulation  contains  terms  for  longitudinal  velocity  and  true  airspeed. 

(2)  External  Visual  Reference.  Obviously,  an  external  visual  reference  is 
necessary  for  the  performance  of  contact  flight  maneuvers.  A  real-world  representation 


'Throughout  the  remainder  cf  this  report,  the  terms  "qualitative  fidelity"  and  “quantitative 
fidelity”  will  be  used  in  the  general  meanings  described  here. 

2  A  review  of  recent  research  related  to  fidelity  of  simulation  and  transfer  of  training  may  be 
found  in  reference  15. 


consisting  of  a  high-fidelity,  closed-loop  visual  attachment  would  be  desirable,  but  such 
displays  are  so  costly  that  they  probably  could  not  be  justified  on  a  cost-effectivencss 
basis,  for  use  with  a  primary  contact  flight  training  device.  It  has  been  demonstrated  that 
a  “display”  of  relatively  low  fidelity— even  an  inexpensive  symbolic  display— can  lead  to 
much  useful  training. 

In  the  study  reported  by  the  University  of  Illinois  (12),  and  in 
another  in  a  high  school  aviation  training  program  (16),  useful  training  in  contact  flight 
maneuvers  has  been  obtained  using  a  “visual  display”  consisting  only  of  a  horizon 
reference  line  on  a  homogeneous  field;  it  has  sufficient  psychological  fidelity  to  enable 
trainees  to  acquire  the  skills  needed  to  control  aircraft  attitude  during  contact  flight.  In 
other  research,  somewhat  more  elaborate  symbolic  displays  (a  projected  runway  silhou¬ 
ette  which  changes  shape  in  relation  to  simulated  aircraft  attitude  and  altitude,  17)  have 
facilitated  the  development  of  aircraft  landing  skills.  Such  simple  visual  displays  can  be 
used  in  any  appropriately  configured  synthetic  training  device— one  with  a  clear  wind¬ 
screen  that  permits  viewing  of  the  external  reference  from  the  trainee’s  seat. 

(3)  Cockpit  Motion.  The  primary  purpose  of  a  simple,  symbolic  visual  display, 
as  described,  is  to  provide  the  trainee  with  attitude  control  cues  in  relation  to  an  external 
reference— the  relative  angles  between  the  vertical,  horizontal,  and  lateral  axes  of  the 
trainer  and  the  horizon.  In  order  to  vary  these  angles,  motion  must  be  represented  either 
in  the  visual  display  or  in  the  cockpit.  Simulation  engineering  personnel  indicate  that 
motion  of  the  cockpit  generally  is  feasible.  From  the  training  standpoint,  cockpit  motion 
has  other  advantages  as  well.  For  example,  it  makes  the  training  task  appear  move 
“realistic”  to  the  trainee  and  thus  enhances  his  motivation  to  use  the  device.  Cockpit 
motion— preferably  in  the  pitch,  roll,  and  yaw  dimensions— is  considered  to  be  an  essential 
characteristic  for  a  primary  contact  flight  training  device. 

Evaluation  of  Available  Devices 

Army  Devices 

The  two  available  Army  fixed  wing  synthetic  flight  trainers,  the  1-CA-l  and  the 
2-B-12A,  were  examined  to  determine  whether  either  might  be  useful  in  primary  fixed 
wing  coi  tact  flight  training.  The  2-B-12A  was  not  considered  satisfactory  because  it  has 
incomplete  aerodynamics  and  engine  simulation,  does  not  have  clear  windscreens,  and  has 
no  motion. 

The  1-CA-l,  with  modification,  could  be  used  as  a  minimally  acceptable 
primary  contact  training  device.  It  has  a  satisfactory  motion  platform,  and  it  probably 
could  be  nodified  to  provide  a  reasonable  view  of  an  outside  reference.  Its  aerodynamic 
and  engine  simulation,  while  more  complete  than  that  of  the  2-B-12A,  is  not  as  complete 
as  would  be  desired  but  would  permit  performance  of  many  primary  contact  flight 
maneuvers. 

Non-Army  Devices 

Only  one  training  device,  known  to  be  in  existence  or  under  development,  was 
appropriate  for  use  in  the  Army's  primary  contact  fixed  wing  training  phase.  This  device 
is  the  General  Aviation  Trainer,  Model  1  (GAT-1),  which  is  built  by  the  Link  Group, 
General  Precision  System,  Incorporated. 
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The  GAT-1  meets  the  flight  dynamics  and  cockpit  motion  requirements 
outlined  above  for  a  primary  contact  flight  trainer.  Its  aerodynamics  model  is  the  Cessna 
150,  and  all  significant  flight  characteristics  of  that  aircraft  are  simulated  in  a  quali¬ 
tatively  realistic  manner.  It  has  a  three-axis  motion  system  which  simulates  pitch,  roll, 
and  yaw  cues.  Although  it  incorporates  no  visual  display,  it  provides  extra-cockpit 
visibility  approximately  comparable  to  that  of  a  light,  single-place  aircraft.  At  the  time  of 
the  study,  the  GAT-1  was  being  used  as  a  contact  and  instrument  primary  flight  trainer 
in  a  training  program  at  Greene  Central  High  School,  Greene,  New  York  (16).  A  simple 
visual  display,  consisting  of  a  horizon  line  on  a  homogeneous  field,  was  being  used  with 
the  GAT-1  in  this  high  school  flight  training  program. 


ADVANCED  CONTACT  TRAINING  (O/WOFWAC,  Phase  B) 

Descript,  n  of  the  Phase 

Phase  Objective.  The  purpose  of  advanced  contact  is  to  train  officers,  warrant 
officers,  and  warrant  officer  candidates  to  perform  advanced  contact  flight  maneuvers 
such  as  chandelles;  lazy  eights;  power-off  approaches;  barrier,  short  field,  and  road  strip 
take-offs  and  approaches;  and  night  navigation.  The  flight  training  in  this  phase  consists 
of  approximately  20  hours  of  dual  instruction  and  30  hours  of  solo  practice.  All  flight 
training  is  conducted  under  visual  flight  rules. 

Trainee  Qualification.  Successful  completion  of  O/WOFWAC  Phase  A  is  the  only 
trainee  qualification  requirement  for  this  phase. 

Training  Aircraft.  The  training  aircraft,  as  in  Phase  A,  is  the  T-41. 

Present  Training  Devices.  Six  hours  of  synthetic  flight  training  are  given  in  Phase  B, 
using  the  1-CA-l  device.  The  training  is  a  continuation  of  the  training  given  in  the  1-CA-l 
during  Phase  A,  and  its  purpose  is  to  facilitate  the  instrument  flight  training  given  during 
a  subsequent  phase  of  the  course  rather  than  primarily  to  aid  in  the  development  of 
advanced  contact  flight  skills. 

Training  Device  Considerations 

Training  Devices  Used  in  Similar  Training  Programs 

No  synthetic  flight  training  devices  are  known  to  be  in  use  elsewhere  to  provide 
either  fixed  wing  or  rotary  wing  advanced  contact  flight  training. 

The  term  “advanced  contact  training”  is  used  here  within  the  specific  context 
of  the  O/WOFWAC— the  portion  of  training  in  which  the  trainee’s  experience  level  is 
increased  from  his  50th  hour  of  flight  experience  to  100  hours.  At  much  higher  levels  of 
°xpexi“nce  synthetic  flight  trainers  are  used  in  training  programs  involving  advanced 
contact  maneuvers.  Several  commercial  airlines,  for  example,  use  highly  sophisticated 
training  devices,  or  aircraft  simulators,  in  jet  transition  training  courses  for  airline  pilots 
(18).  The  trainee  characteristics  and  training  considerations  in  such  programs  arc  unlike 
those  of  O/WOFWAC  Phase  B,  and  such  programs  are  not  considered  advanced  contact 
flight  programs  for  the  purposes  of  this  report. 
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Characteristics  Needed  in  Devices  for  Advanced  Training 

Performance  of  advanced  contact  flight  maneuvers  requires  reference  to  objects 
and  details  in  the  real-world,  extra-cockpit  environment.  The  training  consists  largely  of 
maneuvering  the  aircraft  in  close  proximity  to  external  objects  (e.g.,  barriers  and  objects 
within  confined  areas)  and  performing  advanced  maneuvers.  These  maneuvers  are  per¬ 
formed  to  tolerances  only  slightly  more  restrictive  than  those  acceptable  for  the  perform¬ 
ance  of  primary  maneuvers  during  Phase  A.  No  particular  significance  is  placed  upon  the 
development  of  skill  in  the  T-41  per  se  since  it  is  a  nontaclical  aircraft. 

For  these  reasons,  the  tasks  to  be  performed  during  Phase  B  dictate  that  a 
synthetic  flight  trainer  should  simulate  the  external  visual  scene  to  a  relatively  high 
degree  of  fidelity,  but  qualitative  fidelity  of  the  simulation  of  the  aircraft  itself  would  be 
acceptable. 

The  flight  and  engine  dynamics  and  cockpit  motion  characteristics  of  a  device 
that  might  provide  such  training  are  similar  to  those  identified  as  device  requirements  for 
the  Primary  Contact  Phase.  The  characteristics  required  for  an  external  visual  reference, 
however,  would  be  much  more  elaborate  because  many  of  the  maneuvers  must  be 
performed  in  physical  proximity  to  real-world  objects.  The  use  of  a  simple,  extra-cockpit 
symbolic  visual  display,  such  as  would  be  appropriate  for  attitude  control  tasks,  probably 
would  be  of  negligible  training  value  during  this  phase.  Rather,  a  relatively  high  fidelity 
pictorial  representation  which  changes  as  a  function  of  simulated  aircraft  attitude  a.id 
altitude  is  necessary. 

A  recent  review  of  visual  simulation  technology  conducted  by  HumRRO 
indicated  that  the  present  state-of-the-art  will  not  permit  the  fabrication  of  a  high-fidelity 
visual  display  appropriate  for  all  advanced  contact  flight  training  maneuvers.  The  resolu¬ 
tion  required  to  evaluate  a  landing  area  and  negotiate  a  barrier,  for  example,  cannot  be 
provided  in  an  open-loop  visual  display  at  the  present  time. 

Evaluation  of  Available  Devices 

No  synthetic  flight  training  devices  that  could  be  expected  to  enhance  the  efficiency 
of  advanced  contact  flight  training  in  the  O/VVOFWAC  are  known. 


INSTRUMENT  FLIGHT  TRAINING  (O/WOFWAC,  Phase  C) 

Description  of  the  Phase 

Phase  Objectives.  The  objectives  of  this  phase  are  to  qualify  trainees  in  the  operation 
of  twin-engine  aircraft,  and  to  qualify  them  for  the  award  of  an  Army  Instrument  Card 
(Standard)  in  accordance  with  current  Federal  Aviation  Administration  standards  and 
applicable  Army  regulations. 

The  flight  training  portion  of  this  phase  consists  of  10  hours  of  twin-engine 
qualification  training,  of  which  30  minutes  is  solo,  and  50  hours  of  instrument  dual 
instruction,  all  of  which  is  conducted  under  simulated  or  actual  instrument  conditions. 
Twin-engine  qualification  training  precedes  instrument  training. 
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Trainee  Qualification.  Successful  completion  of  O/WOFWAC  Phase  B  is  the  only 
trainee  qualification  for  this  phase. 

Training  Aircraft.  All  inflight  training  for  this  phase  is  administered  in  the  twin- 
engine  T-42  aircraft.  This  aircraft  was  acquired  by  the  Army  for  training  purposes  only 
and  has  been  assigned  no  tactical  mission.  It  is  not  considered  to  be  a  high-performance 
aircraft,  and  it  presents  no  significant  control  problems  under  routine  or  emergency 
conditions  that  are  not  common  to  other,  light,  twin-engine  aircraft  with  similar  power 
and  type  of  engine.  Further,  there  are  no  on-board  systems  whose  operations  present 
unique  twin-engine  training  requirements.  So  far  as  could  be  determined  from  interviews 
with  T-42  pilots,  there  are  no  unique,  dangerous  aerodynamic  characteristics  in  this 
aircraft.  The  T-42  is  sold  commercially  as  the  Beechcraft  Baron. 

Present  Training  Devices.  Approximately  20  hours  of  synthetic  instrument  flight 
training  are  given  during  Phase  C.  The  device  used  is  the  2-B-12A,  a  stationary  device 
procured  to  meet  an  Army-wide  instrument  trainer  requirement  for  the  1960-65  time 
frame.  A  design  requirement  for  the  device  was  that  it  provide  qualitative  simulation  of  a 
light,  single-engine,  relatively  low  performance  aircraft.  While  no  specific  aircraft  was 
identified  as  the  design  basis  for  the  2-B-12A,  it  was  modeled  generally  after  the  U-6 
Beaver,  the  aircraft  which  was  the  Army’s  instrument  training  aircraft  during  the  1960-65 
time  frame. 

As  noted  earlier,  each  trainee  receives  12  hours  training  in  Device  1-CA-l 
during  Phases  A  and  B.  The  purpose  of  present  synthetic  training  in  Phases  A,  B,  and  C  is 
to  facilitate  trainee  performance  during  the  instrument  qualification  portion  of  Phase  C. 

Training  Device  Considerations 

Training  Devices  Used  in  Similar  Training  Programs 

Synthetic  flight  training  devices  are  widely  used  in  both  fixed  wing  and  rotary 
wing  instrument  training  programs.  Each  military  service  uses  them,  as  do  most  civilian 
flying  schools.  Most  flying  schools  use  single  reciprocating  engine  aircraft  for  instrument 
flight  instruction,  and  consequently  most  instrument  training  devices  are  modeled  after 
single-engine  aircraft. 

An  example  of  a  more  recently  developed  instrument  training  device  is  Device 
2B21,  a  multiple  cockpit  ins  rument  synthetic  flight  trainer  which  was  developed  by  the 
U.S.  Naval  Training  Dex.ces  Center  (NTDC)  for  a  Navy  training  requirement.  The  2B21 
simulates  the  pilot  station  of  the  T-28B  aircraft,  the  tandem-seating,  single  reciprocating 
engine  aircraft  used  by  the  Navy  as  its  initial  instrument  trainer  in  single-engine  training 
phases  of  its  initial  entry  pilot  training  program.  The  content  of  this  part  of  the  Navy’s 
instrument  training  program  is  similar  to  the  instrument  portion  of  the  Army’s 
O/WOFWAC  Phase  C,  except  that  it  does  not  include  ILS  (Navy  aircraft  are  not  ILS 
equipped).  The  length  of  this  phase  of  Navy  training  is  undrr  30  flight  hours,  compared 
with  the  50  flight-hour  length  of  the  portion  of  Phase  C  devoted  to  instrument  training. 
Twenty-one  hours  of  instruction  are  given  in  the  2B21. 

The  2B21  is  the  first  instrument  flight  training  device  to  have  all  simulation 
computations  performed  by  a  digital  computer,  although  digital  computers  have  been 
used  in  more  sophisticated  flight  simulators  for  a  number  of  years.  The  2B21  has  a  fixed 
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base  (i.e.,  no  motion)  and  it  uses  one  computer  to  drive  four  cockpits.  All  significant 
parameters  of  the  engine  and  aircraft,  including  sound,  are  simulated,  and  the  compre¬ 
hensive  simulation  of  radio  communication  and  navigation  facilities  provided  allows  the 
trainee  to  perform  any  navigation  operation  that  could  be  performed  in  the  T-28B  in 
flight  under  instrument  conditions.  A  more  detailed  description  of  Device  2B21  may  be 
found  in  NTDC  publications  (19). 

Naval  aviation  trainees  completing  the  basic  and  radio  instrument  training 
phases  proceed  to  other  phases  of  instruction.  Before  receiving  his  wings,  each  aviator 
qualifies  in  an  operational  type  aircraft  (i.e.,  multi-engine,  jet,  or  helicopter)  and  receives 
additional  instrument  instruction  in  it.  Trainees  entering  the  multi-engine  program  may  be 
compared  to  Army  O/YVOFWAC  trainees  to  the  extent  that  both  obtain  twin-engine 
ratings  during  initial  entry  training  and  both  receive  at  least  a  portion  of  their  instrument 
training  in  twin-engine  aircraft. 

Navy  multi-engine  training  is  given  in  the  S2-F  aircraft.  The  S2-F  also  is  the 
aircraft  in  which  additional  instrument  training  is  given.  The  multi-engine  transition  and 
instrument  training  during  this  phase  of  Navy  training  consists  of  approximately  40  hours 
of  instruction  in  the  aircraft  and  21  hours  in  a  synthetic  instrument  flight  training  device. 

The  synthetic  instrument  flight  trainer  is  the  2B13,  a  twin-engine  device 
modeled  after  the  S2-F  aircraft.  The  2B13  is  driven  by  an  analog  computer,  and  the 
simulation  of  the  S2-F  is  approximate— that  is,  simulation  of  the  S2-F  aerodynamics  and 
engine  is  qualitative  rather  than  quantitative.  The  cockpit  of  the  device  is  similar  to  that 
of  the  aircraft  in  that  all  controls  and  displays  required  for  the  training  given  are  present 
although  they  are  not  necessarily  identical  in  location  or  appearance  to  corresponding 
items  in  the  aircraft.  Controls  for  the  co-pilot  (or  instructor)  are  not  provided,  a  feature 
reported  by  Naval  training  personnel  to  be  a  distinct  disadvantage.  The  2B13  has  sound 
simulation  and  a  two-axis  (pitch  and  roll)  motion  platform  as  well  as  limited  ground 
radio  navigation  facility  simulation.  A  more  detailed  description  of  the  2B13  may  be 
found  in  NTDC  publications  (20). 

Naval  training  personnel  believe  that  considerable  benefits  are  derived  from  use 
of  the  2B13  both  as  an  instrument  trainer  and  as  an  aid  to  twin-engine  transition. 
Trainees  reportedly  often  voluntarily  schedule  themselves  for  additional  training  periods 
to  work  on  problems  that  are  giving  them  particular  difficulty,  and  flight  instructors 
often  accompany  trainees  to  the  devices  co  demonstrate  particular  maneuvers  that  may 
not  be  demonstrable  with  equal  clarity  or  safety  in  flight.  No  attempts  have  been  made 
to  determine  empirically  the  contribution  of  2B13  training  to  Naval  aviator  trainee 
proficiency,  nor  is  it  known  whether  additional  training  in  the  aircraft  would  be  required 
should  this  device  be  removed  from  the  training  program.  Personnel  associated  with  the 
program  are  convinced,  however,  that  the  device  contributes  significantly  to  efficiency  of 
aviator  training. 

In  addition  to  the  2B13,  an  S2-F  procedures  trainer  is  used  in  the  twin-engine 
and  instrument  training  phase  of  Naval  training.  The  device  is  a  system-specific  trainer, 
simulating  to  a  high  degree  of  engineering  fidelity  the  cockpit  of  the  S2-F  aircraft  and 
providing  quantitative  simulation  of  the  aircraft  and  engines  to  the  extent  that  practice  of 
all  procedures  involved  in  operation  of  the  aircraft  on  the  ground  can  be  accomplished. 
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Characteristics  Needed  in  Devicss 

Since  the  T-42,  like  the  T-4'i  used  in  Phases  A  and  B,  is  a  nontactical  aircraft, 
the  development  of  a  high  level  of  skill  in  flying  it  is  not  a  primary  objective  of  the 
training.  The  maneuvers  performed  in  the  aircraft  are  associated  with  the  operation  of 
any  twin-engine  aircraft  and  are  performed  at  relatively  low  skill  levels.  A  high  degree  of 
engineering  fidelity  is  not  required  in  a  synthetic  flight  training  device  in  order  to  provide 
psychological  fidelity  of  simulation  of  the  generalized  task  of  twin-engine  aircraft  control. 
Thus,  a  training  device  designed  for  use  in  the  twin-engine  qualification  need  provide  only 
qualitative  fidelity  of  engineering  simulation  of  the  T-42. 

In  contrast  with  the  objective  of  the  transition  portion  of  Phase  C— the 
development  of  generalized  twin-engine  flight  skills— the  objective  of  the  instrument 
training  portion  is  to  develop  highly  specific  skills  to  levels  required  for  tactical 
operations.  The  flight  performance  and  procedural  skill  tolerances  required  are  those 
necessary  for  operation  of  any  tactical  Army  aircraft  on  Federal  airways  and  in  tactical 
environments.  Thus,  the  synthetic  instrument  training  device  required  for  such  training 
must  provide  a  high  degree  of  psychological  fidelity  of  the  instrument  flight  situation. 
Quantitative  fidelity  of  engineering  simulation  is  required  for  those  aspects  of  the  training 
that  relate  to  the  development  of  instrument  flight  skills. 

While  only  qualitative  simulation  of  the  T-42  is  required  for  the  transition 
training  and  aircraft  control  objectives  of  Phase  C,  operation  of  the  aircraft  during 
training  necessitates  familiarity  with  the  location  of  certain  controls  and  displays.  Certain 
procedural  tasks  associated  with  engine  start,  run-up,  and  shut-down,  for  example,  must 
be  performed  during  each  training  flight,  and,  although  they  typically  are  learned  without 
undue  difficulty  early  in  training,  the  complexity  of  these  procedures  is  such  that  some 
attention  must  be  devoted  to  them  during  <he  first  few  training  flights.  A  synthetic  flight 
trainer  which  provides  physical  fidelity  of  simulation  of  the  T-42  cockpit  would  allow 
development  of  the  procedural  skills  associated  with  operating  the  T-42. 

A  training  device  designed  to  meet  the  dual  objectives  of  'win-engine  qualifi¬ 
cation  and  instrument  flight  training  should  have  the  following  characteristics: 

(1)  Twin-Engine  Configuration.  The  requirement  for  a  twin-engine 
synthetic  flight  trainer  is  based  upon  two  task  fidelity  considerations.  First,  practice  of 
the  general  aspects  of  uniquely  twin-engine  tasks  (e.g.,  propeller  feathering  and  single- 
engine  operation)  should  be  provided  in  the  trainer.  Second,  the  trainee’s  task  loading— 
the  number  of  things  he  has  to  do  simultaneously— should  be  similar  in  the  synthetic  and 
in  the  flight  training  situations  so  that  the  trainee  may  develop  the  time-sharing  skills 
required  for  the  coordination  of  instrument  flight  related  skills.  A  simplified  aircraft 
control  task  or  a  reduced  time-sharing  requirement  in  the  device  would  not  lead  to  the 
same  amount  of  transfer  of  training  as  would  more  comparable  trainer  tasks. 

(2)  Flight  and  Engine  Dynamics.  The  comments  on  fidelity  of  simulation 
of  aerodynamics  and  engine  characteristics  for  a  primary  contact  synthetic  flight  trainer 
for  Phase  A  are  valid  here  as  well.  Since  the  T-42  is  not  considered  a  tactical  aircraft,  a 
T-42  simulator  or  operational  flight  trainer  (OFT)  is  unnecessary.  However,  any  trainer 
used  in  this  phase  should  incorporate  all  representative  twin-engine  flight  dynamics  in 
order  that  simulated  aircraft  responses  to  pilot  control  input  might  be  qualitatively 
similar  to  corresponding  responses  of  twin-engine  aircraft  of  similar  weight  and  power. 


(3)  Cockpit  Motion.  The  addition  of  motion  to  synthetic  instrument  flight 
trainers  appears  to  have  a  minor  but  useful  effect  upon  the  development  of  skills  in 
control  of  the  aircraft  on  instruments,  and  motion  probably  is  quite  useful  for  the 
recognition  of  unusual  flight  conditions  and  malfunctions  such  as  loss  of  an  engine. 
Adding  motion  to  such  trainers  for  beginning  instrument  trainees  might  be  difficult  to 
justify  for  the  sole  purpose  of  training  in  aircraft  control.  However,  in  view  of  the  value 
motion  may  provide  for  recognizing  the  onset  of  unusual  conditions  and  malfunctions, 
plus  the  greater  trainee  acceptance  of  devices  incorporating  motion,  the  cost  of  a  simple 
motion  platform  probably  is  justified.  A  device  that  provides  qualitative  simulation  of 
three-axis  motion  (pitch,  roll,  and  yaw)  probably  would  in'  adequate  for  the  training 
under  consideration  here,  although  it  should  be  noted  that  devices  incorporating  addi¬ 
tional  axes  of  motion  (i.e.,  translational  motion)  are  becoming  increasingly  popular 
among  major  synthetic  flight  trainer  users. 

(4)  Environmental  Simulation.  Simulation  of  the  quantitative  effects  of 
winds,  and  so  forth  is  not  needed  when  there  is  no  requirement  for  precise  aircraft  flight 
dynamics  simulation.  Qualitative  simulation  of  ambient  conditions  (e.g..  wind  direction 
and  velocity,  atmospheric  pressure,  turbulence)  is  a  requirement  for  an  instrument  flight 
trainer. 

(5)  Electronic  Aids  Simulation.  Quantitative  simulation  of  ground  elec¬ 
tronic  navigation  aids  (i.e.,  VOR,  1LS,  ADF,  and  GCA)  and  the  simulation  of  the  air 
traffic  control  system  are  important  requirements.  The  simulated  location  of  various 
ground  navigation  aids  must  be  precise  enough  to  allow  the  trainee  to  compute  navigation 
problems.  The  number  of  such  aids  simultaneously  represented  should  be  sufficient  to 
provide  a  icalistic  navigation  task  to  the  trainee  without  overburdening  instructional 
personnel.  The  geographic  area  represented  by  such  simulation  should  be  large  enough  to 
allow  simulated  cross-country  flights  under  instrument  conditions 

(6)  Sound  Simulation.  The  auditory  sense  is  an  efficient  means  of  com¬ 
municating  “either-or”  or  two-category  information.  Sound  intensity  changes,  frequency 
shifts,  and  masking  effects  are  useful  aids  in  aircraft  control,  particularly  in  twin-engine 
aircraft.  In  a  training  device  designed  for  the  training  under  discussion,  engine  sounds  are 
believed  to  provide  potentially  useful  cues  to  aircraft  control  and  should  be  provided. 
Since  recognition  of  the  specific  sounds  associated  with  a  nontactical  aircraft  is  of  limited 
value,  qualitative  simulation  of  T-42  aerodynamic  and  engine  sounds  is  appropriate  in  a 
training  device  for  Phase  0. 

(7)  Cockpit  Simulation.  To  enable  the  trainee  to  become  familiar  with  the 
T-42  cockpit,  the  location  of  its  controls  and  displays,  and  the  various  procedures  (i.e., 
sequences  of  activities)  In*  must  perform  in  it,  a  trainer  for  Phase  (’  should  simulate  the 
cockpit  of  the  aircraft.  Since  acquiring  procedural  skills  associated  with  equipment 
operation  depends  upon  close  psychological  more  than  physical  correspondence  of  the 
training  and  the  criterion  task  (4)1  only  qualitative  engineering  fidelity  of  simulation  of 
the  T-12  cockpit  is  required. 

*  Similar  findings  were  obtained  by  Wallace  W  Prophet  and  II.  Alton  Boyd.  Jr.,  in  IhnnHItO 
Division  No.  6  work  comparing  the  effectiveness  of  a  device  and  a  photographic  cockpit  ntockup  for 
procedures  training  (S). 


(8)  External  Visual  Reference.  Where  flight  training  is  limited  to  the  use 
of  instruments  within  the  aircraft  and/or  information  received  via  radio,  no  visual 
simulation  of  the  out-of-the-cockpit  scene  is  required.  For  the  transition  training,  how¬ 
ever,  the  use  of  extra-cockpit  visual  cues  is  important.  Two  sets  of  cues  are  involved.  One 
set  allows  the  trainee  to  orient  the  aircraft  in  relation  to  the  horizon,  and  these  cues  are 
particularly  useful  at  altitude  during  the  acquisition  of  the  skills  associated  with  maneu¬ 
vers  such  as  attitude  control  during  single-engine  operations.  These  cues  can  be  provided 
by  a  symbolic  visual  display  such  as  that  provided  by  a  horizon  line  on  a  homogeneous 
field  (see  the  discussion  of  visual  display  requirements  for  a  primary  training  device).  The 
other  set  of  cues  allows  the  trainee  to  maneuver  the  aircraft  in  proximity  to  the  ground 
(e.g.,  to  perform  take-off  and  landing  operations).  To  provide  these  cues  requires  a 
relatively  high  fidelity  pictorial  representation  of  the  extra-cockpit  scene  which  changes  as 
a  function  of  simulated  aircraft  attitude  and  altitude. 

Since  twin-engine  transition  training  consists  largely  of  maneuvering 
within  airport  traffic  patterns  and  of  landing  and  taking  off  from  an  airport  rather  than 
confined  or  tactical  areas,  an  appropriate  visual  representation  would  consist  of  a 
simulated  three-dimensional  airport  and  surrounding  countryside.  Visual  displays  such  as 
this,  attached  to  flight  simulators,  are  currently  in  use  by  a  number  of  commercial 
airlines  for  familiarizing  pilots  with  the  visual  cues  associated  with  landing  commercial 
transport  aircraft.  A  synthetic  flight  training  device  suitable  for  Phase  C  training  should 
be  compatible  with  such  external  visual  displays  currently  available  or  under 
development. 

Evaluation  of  Available  Devices 

Army  Devices 

The  Army  has  no  training  devices  intended  to  aid  in  twin-engine  transition 
training.  Such  is  not  the  intent  of  Device  2-B-12A  which  is  used  in  this  phase  of  training. 
Device  2-B-12A  has  no  twin-engine  simulation  capability  and  no  motion,  and  cannot  be 
used  with  a  visual  display;  its  aerodynamic  and  engine  simulation  is  unsatisfactory  for 
Phase  C  transition  training,  and  its  cockpit  and  sound  characteristics  do  not  correspond 
even  qualitatively  to  those  of  the  training  aircraft. 

All  present  synthetic  training  included  in  O/WOFWAC  is  intended  to  assist 
trainees  in  the  development  of  instrument  flight  skills  rather  than  to  aid  ir  transition 
training.  Trainees  receive  up  to  12  hours  in  Device  1-CA-l  during  the  Pyimaiy  and 
Advanced  Contact  Phases,  and  21  hours  of  synthetic  instrument  training  in  Device 
2-B-12A  during  Phase  C.  The  extent  to  which  training  in  these  devices  transfers  to  the 
inflight  situation  is  subject  to  empirical  determination.  Such  a  determination  has  not  been 
made  by  the  Army,  and  it  was  outside  the  scope  of  the  present  study.  It  is  likely, 
however,  that  some  negative  transfer  is  resulting  from  the  present  requirement  that 
trainees  at  a  relatively  low  skill  level  learn  to  fly  the  single-engine  2-B-12A  while 
simultaneously  learning  to  fly  the  twin-engine  T-42. 

Device  1-CA-l  has  long  been  considered  obsolete  by  the  Army,  and  the 
Aviation  School  has  stated  that  Device  2-B-12A  is  unsatisfactory  so  far  as 
accomplishment  of  the  School’s  fixed  wing  instrument  flight  training  requirements  is 
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concerned.'  Discussions  with  simulation  engineering  personnel  at  NTDC  and  at  several 
simulator  manufacturers  indicate  that  existing  Army  trainers  cannot  he  modified  effi¬ 
ciently  to  incorporate  the  desired  characteristics,  even  to  provide  appropriate  flight 
dynamics  and  twin-engine  simulation. 

Non-Army  Devices 

Several  devices  being  used  by  other  services  incorporate  (or  could  be  modified 
to  incorporate)  the  desired  characteristics,  although  none  of  them  were  being  manu¬ 
factured  at  the  time  of  the  study.  Two  such  devices  were  checked  out— the  previously 
described  Multi-Engine  Instrument  Trainer,  Device  2B13,  and  its  predecessor,  Twin-Ergine 
Instrument  Flight  Trainer,  Device  2F25.  Both  are  Navy  devices.  It  was  determined 
through  the  Army  Participation  Group  at  NTDC  that  neither  device  was  available  to  the 
Army. 

One  device,  the  Link  GAT-2,  with  most  of  the  characteristics  and  which 
probably  could  be  used  satisfactorily  in  the  Aviation  School’s  twin-engine  transition  and 
instrument  training  was  under  development.  A  presentation  on  this  device  had  been  made 
to  Aviation  School  personnel  by  Link  representatives  during  September  1967.  Analysis 
during  this  study  indicated  that  the  two  areas  of  discrepancy  between  the  GAT-2  and  the 
requirements  for  a  synthetic  twin-engine  instrument  flight  training  device  were  that  it  had 
only  two  axes  of  motion,  and  its  cockpit  was  not  configured  like  the  T-42.  Based  upon 
the  information  available  from  Link  Group,  all  other  required  device  characteristics  were 
included,  making  the  GAT-2  the  most  suitable  known  device  for  use  in  Phase  C. 

The  lack  of  the  third  axis  of  motion— yaw— probably  would  reduce  the  effec¬ 
tiveness  of  the  GAT-2  for  single-engine  training,  although  the  effects  of  yaw  are  simulated 
in  all  instruments  in  this  device.  The  fact  that  the  GAT-2  cockpit  is  not  configured 
specifically  like  the  T-42  is  less  of  a  drawback,  since  familiarity  with  the  T-42  cockpit 
configuration  itself  can  be  obtained  through  the  use  of  a  system-specific  cockp.t  proce¬ 
dures  trainer.  Such  is  the  procedure  followed  by  the  Navy,  where  synthetic  instrument 
flight  training  is  conducted  in  the  2B13,  and  familiarity  with  the  training  aircraft’s 
cockpit  is  provided  through  use  of  a  procedures  trainer  for  that  aircraft. 


TACTICAL  FLIGHT  TRAINING  (O/WOFWAC,  Phase  D) 

Description  of  the  Phase 

Phase  Objectives.  The  two  main  objectives  of  the  final  phase  of  the  O/WOFWAC  are 
to  qualify  trainees  in  the  operation  of  the  0-1  aircraft,  and  to  develop  trainee  skills  in  the 
employment  of  the  0-1  under  tactical  conditions  for  stability  operations. 

Training  oriented  toward  the  first  objective  is  conducted  by  the  Department  of 
Fixed  Wing  Training,  and  it  familiarizes  the  trainee  with  the  0-1  to  the  extent  that  the 
advanced  flight  maneuvers  learned  during  Phase  B  can  be  performed  proficiently  in  it. 
The  training  consists  of  20:45  hours  of  dual  instruction  and  7:15  hours  of  solo  practice. 

1  Message,  AASAFW  9-500,  Commandant,  USAAVNS,  to  USCONARC,  20  Sep  67.  Subject:  Type 
Classification  of  Fixed  Wing  Instrument  Trainer,  2B12A. 
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Training  oriented  toward  the  second  objective  is  conducted  by  the  Department 
of  Tactics,  and  it  consists  of  8:30  hours  of  dual  instruction  and  18:30  hours  of  solo 
practice.  The  training  includes  low-level  navigation,  evasive  maneuvering,  contour  flying, 
external  load  delivery,  area  and  route  reconnaissance,  aerial  conduct  of  fire,  and  tactical 
radio  procedures.  The  final  portion  of  this  training  consists  of  operating  within  a 
simulated  tactical  environment  as  part  of  a  fixed  wing  aviation  platoon.  All  training 
during  Phase  D  is  conducted  under  visual  flight  rules. 

Phase  D  is  the  final  phase'  of  the  Army's  initial  entry  fixed  wing  aviator  training 
program.  Graduates  of  this  phase  are  awarded  aviator  wings,  and  in  the  case  of  warrant 
officer  candidates,  warrants.  Initial  assignment  of  the*  newly  qualified  aviators  is  to 
operational  units  or  to  graduate  level  aviator  courses  at  the  Aviation  School. 

Trainee  Qualification.  Successful  completion  of  O/WOFWA ('  Phase  ('  is  the*  only 
trainee  qualification  for  this  phase. 

Training  Aircraft.  All  flight  training  during  Phase  1)  is  conducted  in  the  0-1  Bird  Dog 
airplane— a  light,  two-place,  tandem-seat,  high-wing,  tail-wheel,  single-engine  aircraft  that  is 
employed  tactically  by  the  Army.  It  is  similar  in  configuration  and  power  to  the  Cessna 
180.  Its  flight  controls  and  aerodynamic  characteristics  are  similar  to  those  of  other  light 
aircraft  of  similar  configuration  found  in  civilian  aviation.  The  0-1  also  is  used  tactically 
as  a  light  observation  aircraft  by  the  U.S.  Air  Force  and  the  U.S.  Marine  Corps. 

Present  Training  Devices.  No  synthetic  flight  training  devices  are  employed  during 
Phase  D.' 

Training  Device  Considerations 

Training  Devices  Used  in  Similar  Training  Programs 

The  content  of  the  0-1  transition  training  portion  of  Phase  I)  closely  parallels 
the  content  of  Phase  B,  Advanced  Contact  Training.  As  indicated  in  the  Phase  B  descrip¬ 
tion,  no  synthetic  flight  training  devices  are  known  to  Ih»  in  use  elsewhere  to  provide 
advanced  contact  flight  training. 

Unlike  the  T— II  and  the  T-12  used  in  prior  phases,  however,  the  aircraft  used 
m  Phase  D  is  a  tactical  aircraft.  The  development  of  a  high  level  of  skill  in  flying  the  0-1 
is  a  training  objective,  localise  graduate  aviators  will  fly  this  aircraft  in  tactical  environ¬ 
ments  where  mission  accomplishment  is  dependent  in  large  part  upon  proficient  aircraft 
handling  under  possibly  degraded  and  probably  stressful  conditions. 

Where  high  levels  of  proficiency  in  the  handling  of  a  specific  tactical  aircraft 
are  required,  aircraft  simulators— synthetic  flight  training  devices  which  simulate  to  a  high 
quantitative  degree  of  engineering  fidelity  the  characteristics  of  a  specific  make  and 
model  aircraft-  often  are  used  in  transition  training  programs.  All  Air  Force  tactical  jet 
and  multi-engine  aircraft  transition  training  programs,  for  example,  make  use  of  such 
devices.  For  relatively  unsophisticated.  low-performance  aircraft  such  as  the  0-1.  however, 
aircraft  simulators  have  never  l>een  develop'd,  probably  because  one  system-specific 

1  Synthetic  training  devices  that  are  used  to  simulate  a  tactical  environment  during  Phase  D.  such 
as  hand  grenade  simulators  and  ground  burst  simulators,  are  not  considered  to  be  synthetic  flight 
training  devices  for  the  purpose  of  this  report. 


simulator  for  the  0-1  would  cost  approximately  as  much  as  50  0-1  aircraft.  An  additional 
consideration  probably  has  been  that  the  hourly  operating  cost  of  aircraft  simulators 
typically  equals  or  exceeds  the  hourly  operating  cost  of  0-1  type  aircraft. 

The  tactical  flight  training  requirements  in  the  O/WOFWAC  are  similar  to  the 
tactical  flight  training  requirements  that  exist  in  the  Tactics  Phase  of  the  Officer/Warrant 
Officer  Rotary  Wing  Aviator  Course  (O/WORWAC).  Both  courses  provide  training  in 
visual  aerial  observation  and  reconnaissance,  target  acquisition,  target  identification,  aerial 
fire  adjustment,  and  navigation  at  low  level  by  reference  to  features  of  the  surrounding 
terrain.  At  present,  no  synthetic  flight  training  devices  are  in  use  for  such  training  in  the 
Tactics  Phase  of  O/WORWAC,  nor  are  such  devices  known  to  be  in  use  in  other  training 
programs  elsewhere. 

It  should  be  noted  that  certain  tactical  training  requirements  are  being  met  in 
part  through  the  use  of  training  devices  in  other  training  programs.  For  example,  training 
in  the  delivery  of  guided  missiles  is  provided  in  Air  Force  training  programs  by  Device 
GAM  85  (Bull  Pup  simulator)  and  in  the  Tactics  Phase  oft  O/WORWAC  by  Device  M-22 
(SS-11  simulator).  The  requirement  for  such  training  does  not  exist  in  O/WOFWAC 
Phase  D. 

Characteristics  Needed  in  Devices 

While  the  0-1  is  a  tactical  aircraft  and  relatively  high  aircraft  control  skill  levels 
are  needed  for  its  effective  employment,  it  is  unsophisticated  and  forgiving  when  com¬ 
pared  with  most  other  Army  tactical  aircraft,  and  it  is  relatively  inexpensive  to  operate. 
A  device  which  simulated  the  specific  characteristics  of  the  0-1  to  a  highly  quantitative 
degree  of  engineering  fidelity  undoubtedly  could  be  used  in  the  transition  training 
portion  of  Phase  D  to  accomplish  some  of  the  training  involved— particularly  if  the  device 
incorporated  a  high  fidelity,  closed-loop  representation  of  the  extra-cockpit  visual  scene— 
but  the  development  and  procurement  of  such  a  device  could  hardly  be  justified  in  view 
of  the  relative  ease  with  which  the  desired  0-1  aircraft  control  skills  are  being  acquired 
using  only  the  aircraft  itself. 

Several  problems  in  0-1  transition  training  result  from  the  differences  in 
configuration  between  it  and  the  two  other  aircraft  each  trainee  previously  has  flown.  In 
the  T-41  and  the  T-42,  for  example,  the  throttle  is  operated  by  the  right  hand  and  the 
control  wheel  by  the  left;  the  situation  is  reversed  in  the  0-1.  A  training  device  designed 
to  acquaint  trainees  with  the  cockpit  configuration  of  the  0-1  could  lx*  of  benefit  with 
this  training  problem.  Such  a  device  could  be  a  procedures  trainer  such  as  is  used  by  the 
Navy  in  its  S2-F  program  or  as  that  used  in  the  Aviation  School’s  Mohawk  Transition 
Course  described  elsewhere  in  this  report.  The  relative  simplicity  of  cockpit  procedures  in 
the  0-1,  however,  suggests  that  the  contribution  to  training  efficiency  of  an  0-1  proce¬ 
dures  trainer  may  not  be  justifiable  from  a  cost-effectiveness  standpoint  unless  a  low-cost 
procedures  trainer,  such  as  a  photographic  mockup,  were  used. 

Another  problem  in  0-1  transition  training  results  from  the  difference  in 
forward  visibility  between  the  0-1  and  the  T-41  or  T-42  during  certain  maneuvers.  The 
landing  attitude  of  the  0-1,  for  example,  is  somewhat  more  nose  high  than  that  of  the 
other  two  aircraft,  and  during  early  flights  trainees  often  misjudge  their  proximity  to  the 
ground  because  of  reduced  forward  visibility.  To  provide  adequate  training  in  the  visual 
cues  associated  with  landing  an  0-1  would  require  a  training  device  with  an  external  visual 
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reference  such  as  that  described  for  transition  training  in  the  T-42  aircraft,  that  is,  a 
relatively  high  fidelity  pictorial  representation  of  an  airport  scene  which  changed  as  a 
function  of  simulated  aircraft  attitude  and  altitude. 

0-1  ground  handling,  particularly  high  speed  taxiing  associated  with  landing, 
presents  problems  to  the  O/WOFWAC  trainee.  Some  ground  handling  accidents  that  occur 
during  Phase  D  could  be  prevented  through  appropriate  training.  A  direct  approach  to 
this  problem  would  consist  of  the  use,  as  a  “taxi  training  device,”  of  non-airworthy  0-1 
aircraft  with  reinforced  main  gear  struts  and  with  wings  modified  to  reduce  their  lift 
characteristics.  Nonflyable  aircraft  have  been  used  as  ground  handling  training  devices 
with  considerable  success  throughout  most  of  the  history  of  aviation  training  (21). 

The  similarity  between  the  tactical  training  requirements  of  the  tactics  phases 
of  the  O/VVOFWAC  and  the  O/WORWAC  has  been  noted  above.  Both  training  courses 
develop  skills  associated  with  the  visual  observation  of  details  in  the  extra-cockpit 
environment  (e.g.,  target  acquisition,  aerial  fire  adjustment,  and  navigation  at  low  level  by 
reference  to  the  surrounding  terrain).  The  training  device  requirements  have  been  speci¬ 
fied1  for  a  tactics  synthetic  flight  training  device  for  the  O/WORWAC.  The  visual  display 
requirements  specified  for  a  rotary  wing  tactics  training  device  are  essentially  the  same  as 
those  required  for  a  tactics  turning  device  for  O/WOFWAC  Phase  D.  so  they  will  not  be 
repeated  here.  It  should  be  noted,  however,  that  a  technical  review  of  those  requirements 
revealed  that  a  training  device  meeting  them  could  not  be  obtained  at  present  because  of 
state-of-the-art  limitations.* 

Evaluation  of  Available  Devices 

No  synthetic  flight  training  devices  that  could  be  expected  to  enhance  the  effective¬ 
ness  of  the  training  being  given  in  O/WOFWAC  Phase  D  are  known  to  be  available. 


FIXED  WING  QUALIFICATION  COURSE 
Description  of  the  Course 

Course  Objective.  Tne  objective  of  the  Fixed  Wing  Qualification  Course  (FWQC)  is 
to  train  rotary  wing  rated  trainees  to  fly  fixed  wing  observation  aircraft  and  to  familiarize 
them  with  the  tactical  employment  of  suen  aircraft.  All  flight  training  in  this  course  is 
conducted  under  visual  flight  rules,  and  the  course  is  similar  in  content  to  that  of  Phases 
A  and  B  of  the  O'WOFWAC.  The  flight  training  consists  of  15  hours  of  dual  instruction 
and  15  nours  of  solo  practice.  Graduates  of  this  course  are  awarded  fixed  wing  aviator 
ratings  and  may  lie  assigned  to  operational  units  or  to  graduate  level  aviator  courses  at 
the  Aviation  School. 


1  Draft  Proposed  Small  Development  Requirement,  Synthetic  Army  Aircraft  Training  System 
(SAATS),  U.S.  Army  Aviation  School,  May  U>67. 

'2nd  Ind.,  Headquarters.  U.S.  Army  Materiel  Command.  AMC-RD,  at)  Nov  67.  to  Letter. 
ATOPS-TNG-TSD,  USCONARC,  16  June  li)67.  Subject:  Synthetic  Armed  Aircraft  Training  System 
(SAATS). 
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Trainee  Qualification.  Commissioned  officers  and  warrant  officers  who  are  rated  U.S. 
Army  Rotary  Wing  Aviators  are  qualified  for  this  course. 

Training  Aircraft.  AH  flight  training  during  the  FWQC  is  conducted  in  the  0-1  Bird 
Dog,  the  same  aircraft  in  which  O/WOFWAC  Phase  D  is  conducted. 

Present  Training  Devices.  No  synthetic  flight  training  devices  are  used  in  this  course. 

Training  Device  Considerations 

Training  Devices  Used  in  Similar  Training  Programs 

The  training  conducted  in  the  FWQC  is  comparable  to  that  conducted  in  Phases 
A  and  B  of  the  O/WOFWAC,  and  the  discussion  of  training  devices  used  in  programs 
similar  to  those  phases  is  applicable  to  the  FWQC  as  well.  Trainees  in  the  FWQC, 
however,  are  already  rated  military  aviators,  and  many  skills  associated  with  flying— skills 
which  often  are  described  by  terms  such  as  “air  sense”— already  have  been  developed  by 
them.  Characteristically,  FWQC  trainees  reach  various  training  criteria  (e.g.,  solo)  more 
rapidly  than  do  initial  entry  trainees,  and  their  attrition  rates  are  lower.  While  training 
devices  used  in  initial  entry  training  programs  would  be  of  similar  use  in  FWQC-type 
training,  the  benefits  derived  in  FWQC  training  would  be  expected  to  be  less  significant. 

No  synthetic  flight  training  devices  are  being  used  in  the  Rotary  Wing  Qualifi¬ 
cation  Course,  the  comparable  rotary  wing  course  for  previously  rated  fixed  wing  Army 
aviators. 

Characteristics  Needed  in  Devices  for  Qualification  Training 

The  discussion  of  synthetic  flight  training  device  characteristics  appropriate  for 
Phase  A  of  the  O/WOFWAC  is  applicable  to  the  FWQC  as  well.  A  device  having  the 
described  qualitative  simulation  characteristics  would  be  of  benefit  for  the  development 
of  rudimentary  aircraft  control  skills;  however,  unlike  Phase  A  trainees,  trainees  in  this 
course  have  relatively  little  trouble  developing  such  skills  without  the  aid  of  training 
devices. 

In  view  of  the  fact  that  the  0-1  is  a  tactical  aircraft,  the  discussion  of  training 
device  characteristics  appropriate  for  the  0-1  transition  portion  of  O/WOFWAC  Phase  D  is 
relevant  to  post-solo  training  in  the  FWQC.  Again,  however,  it  should  be  noted  that 
quantitative  simulation  of  the  0-1  could  hardly  be  justified  in  view  of  the  relative  east* 
with  which  the  desired  0-1  control  skills  are  being  acquired  using  only  the  aircraft  itself 
for  training. 

Evaluation  of  Available  Devices 

The  discussion  of  the  suitability  of  available  Army  and  non-Army  synthetic  flight 
training  devices  for  O/WOFWAC  Phase  A  training  is  applicable  to  FWQC  training  as  well. 
No  present  Army  devices  nave  the  required  characteristics.  One  non-Army  device,  the 
GAT-1,  is  considered  appropriate,  but  the  rate  of  development  of  fixed  wing  aviator  skills 
of  the  FWQC  trainee  would  suggest  that  relatively  modest  improvements  in  course 
efficiency  would  result  from  the  introduction  of  such  a  device  in  that  course. 
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OV-1  (MOHAWK)  AVIATION  TRANSITION  COURSE 


Description  of  the  Course 

Course  Objective.  The  Mohawk  Transition  Course  is  a  graduate-level  course  con¬ 
ducted  by  the  Aviation  School  to  qualify  Army  aviators  in  the  operation  of  Army 
combat  surveillance  multi-engine  OV-1  Mohawk  airplanes.  The  flight  training  in  this 
course  consists  of  46  hours  of  dual  instruction  and  five  hours  of  solo  practice.  A  graduate 
of  the  course  must  be  proficient  in  the  operation  of  the  Mohawk  in  normal  and  tactical 
situations  under  both  visual  and  instrument  flight  conditions. 

All  graduates  of  this  course  immediately  attend  the  OV-1  (Mohawk)  Aviator 
Combat  Surveillance  Familiarization  Course  at  the  U.S.  Army  Combat  Surveillance 
School.  Tne  likely  assignment  for  graduates  of  these  courses  is  to  Mohawk  operational 
units  in  Southeast  Asia  where  they  may  engage  in  tactical  missions  as  aircraft 
commanders. 

Trainee  Qualification.  To  qualify  for  attendance  at  the  Mohawk  Transition  Course, 
an  officer  or  warrant  officer  must  be  a  qualified  fixed  wing  aviator  on  active  duty  and 
must  hold  a  current  Army  Instrument  Card  (Fixed  Wing).  While  attendees  typically  have 
500  or  more  hours’  flight  experience  in  fixed  wing  aircraft,  some  officers  and  warrant 
officers  are  accepted  immediately  upon  completion  of  O/WOFWAC. 

Training  Aircraft.  The  OV-1  Mohawk  is  a  relatively  high  performance,  twin-engine, 
turbine-powered,  tactical  aircraft  which  has  numerous  unique  aerodynamic  characteristics. 
It  has  flight  control  and  ejection  equipment  found  in  no  other  Army  aircraft.  Its  various 
on-board  systems  have  unique  operating  requirements.  Tne  safe  operation  of  the  Mohawk 
during  all  emergency  conditions  requires  highly  specific  pilot  responses. 

Present  Training  Devices.  Three  synthetic  training  devices  are  used  in  the  Mohawk 
Transition  Course:  Device  2-C-9,  a  cockpit  procedures  trainer;  Device  2-B-12A  modified 
to  incorporate  an  FD  105  flight  control  system;  and  Device  9E2A,  an  ejection  seat 
trainer.  Each  trainee  receives  approximately  13  hours'  practice  in  the  2-C-9,  10  hours 
in  the  modified  2-B-12A,  and  one  simulated  ejection  in  the  9E2A  during  Mohawk 
transition  training.1 

Training  Device  Considerations 

Training  Devices  Used  in  Similar  Training  Programs 

Training  in  the  Mohawk  may  be  com  pared  to  training  in  high-performance 
aircraft  by  other  services  (e.g.,  the  Air  Force  F-111A  and  the  Navy  A-7)  and  by 
commercial  carrier  (e.g.,  the  DC-9).  The  transition  training  practices  of  these  services  and 
carriers  include  the  use  of  system-specific  flight  simulators  (sometimes  called  Operational 
Flight  Trainers)  in  all  current  transition  training  programs  for  medium-  and  nigh- 
performance  aircraft. 


1  Other  training  devices  are  used  during  classroom  instruction  in  this  course,  e.g..  Device  2-A-27B, 
an  engine  trainer.  These  devices  have  been  classified  by  the  Aviation  School  as  maintenance  rather  than 
operator  training  devices. 
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The  simulators  used  are  quantitative  facsimiles  of  the  aircraft  cockpit,  and  they 
provide  a  high  degree  of  quantitative  simulation  of  all  psychologically  significant  systems, 
sounds,  and  engine  and  flight  characteristics  associated  with  a  specific  make  and  model 
aircraft.  Most  of  these  simulators  have  multi-axis  motion  platforms,  and  many  have  visual 
display  attachments  which  simulate  real-world  scenes  and  provide  out-of-the-cockpit  visual 
cues  appropriate  for  the  performance  of  many  aircraft  maneuvers  dependent  upon  visual 
reference.  The  quantitative  simulation  provided  by  such  visual  displays  is  adequate  to 
provide  cues  appropriate  for  take-off  and  landing  operations  associated  with  the  high¬ 
speed,  fixed-wing  aircraft  being  simulated. 

It  has  been  demonstrated  repeatedly  that  the  use  of  such  flight  simulators  can 
result  in  appreciable  savings  in  training  costs  and  in  increased  pilot  proficiency  (22).  The 
use  of  flight  simulators  to  develop  skills  needed  to  cope  with  emergency  situations  (e.g., 
loss  of  an  engine  on  take-off)  allows  the  trainee  to  acquire  needed  skills  without 
endangering  himself  or  expensive  equipment.  The  use  of  similar  dynamic  flight  training 
devices  in  Mohawk  transition  training  could  result  in  significant  reductions  in  inflight 
training  requirements  while  increasing  the  proficiency  of  course  graduates— partic 
their  proficiency  when  inflight  emergency  situations  occur  which  require  prompt,  i>' 
pilot  responses. 

All  major  U.S.  commercial  carriers  are  acquiring  flight  simulators  for  the 
training  of  their  jet  aircraft  crews.  These  simulators  are  designed  to  meet  fidelity  of 
simulation  requirements  specified  by  the  Federal  Aviation  Administration.  Simulators 
certified  by  the  FAA  as  meeting  these  requirements  are  being  used  to  provide  major 
portions  of  the  training  of  commercial  pilots  transitioning  to  jet  aircraft.  Using  such 
devices,  the  Training  Committee  of  the  Air  Transport  Association  has  established  the  goal 
of  complete  airplane  crew  training  in  simulators  alone  and  the  elimination  of  transitional 
checkouts  in  the  actual  aircraft  (23).  Similar  goals  could  be  considered  for  the  transition 
training  of  Army  pilots  in  the  Mohawk  and  similar  aircraft. 

The  military  services  and  commercial  airlines  that  are  using  flight  simulators  are 
also  making  increasing  use  of  system-specific  part-task  trainers  to  supplement  them.  These 
devices  provide  training  in  part-but  not  all -of  the  overall  flight  training  task.  The  most 
common  example  of  such  a  trainer  is  a  device  that  is  used  in  cockpit  procedures  training 
(e.g.,  the  2-C-9  or  the  previously  described  Navy  Device  S2-F).  They  simulate  to  a  high 
degree  of  psycnological  fidelity  the  environment  within  which  certain  procedures  asso¬ 
ciated  with  flight,  such  as  engine  start  and  run-up,  can  be  practiced.  No  attempt  is  made 
in  such  devices,  however,  to  simulate  aircraft  flight  control  aspects  of  the  flight  task. 

Characteristics  Needed  in  Devices 

Devices  used  in  the  Mohawk  Transition  Course  must  be  system-specific.  The 
graduate  aviator  will  fly  the  Mohawk  in  tactical  situations,  so  it  cannot  be  viewed  as  a 
training  aircraft.  Nor  is  it  unsophisticated  and  forgiving.  Rather,  it  is  a  relatively  high 
performance  tactical  aircraft,  and  all  training  conducted  in  it  is  designed  to  develop  in  the 
trainee  high  levels  of  specific  operational  skills.  Such  training  cannot  be  provided  effec¬ 
tively  in  general  purpose  devices  that  provide  only  qualitative  simulation  of  the  Mohawk. 

Some  of  the  required  training  can  be  provided  effectively  in  part-task  trainers 
that  simulate  to  a  high  level  of  psychological  fidelity  certain  elements  of  the  Mohawk 
pilot’s  task.  The  presently  used  2-C-9  is  an  example  of  such  a  part-task  trainer.  In 
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addition  to  this  training,  however,  a  whole-task  trainer,  or  flight  simulator,  is  needed  to 
provide  synthetic  training  in  the  overall  flight  task  and  to  augment  the  training  otherwise 
provided  in  the  Mohawk  itself. 

Such  a  flight  simulator  must  have  the  following  characteristics: 

(1)  Engine  and  Aerodynamic  Simulation.  The  Federal  Aviation  Adminis¬ 
tration  has  published  a  set  of  engine  and  aerodynamics  simulation  engineering  standards 
and  tolerances  for  the  design  of  commercial  simulators  (24).  A  simulator  certified  by  the 
FA  A  as  meeting  these  standards  and  tolerances  has  a  high  degree  of  quantitative  fidelity 
to  the  simulated  aircraft  and  may  be  used  by  a  commercial  airline  for  much  of  the 
necessary  training  of  its  pilots,  for  one  of  the  semi-annual  mandatory  checkrides,  and  for 
major  portions  of  the  other  checkride.1  Similar  design  requirements  exist  for  Air  Force 
and  Navy  simulators.  These  or  similar  standards  and  tolerances  are  also  appropriate  for 
use  as  engine  and  aerodynamics  simulation  design  requirements  for  a  Mohawk  simulator 
for  the  Army. 

(2)  Cockpit  Motion.  Many  of  the  cues  associated  with  operation  of  a 
high-performance  aircraft  are  proprioceptive  in  nature,  that  is,  they  are  associated  with 
changes  in  body  position  and  orientation.  The  relatively  subtle  cues  associated  with 
acceleration,  deceleration,  and  tilt— the  cues  that  alert  highly  proficient  pilots  to  out-of- 
tolerance  conditions  before  they  are  detected  from  instrument  indications— are  in  this 
category,  and  their  simulation  requires  the  physical  displacement  of  the  body. 

(Such  is  a  primary  function  of  the  more  sophisticated  multi-axis  flight 
simulator  motion  platforms.  The  cues  these  platforms  provide  enable  pilots  to  detect 
changes  in  aircraft  attitude  and  speed  more  rapidly  than  might  otherwise  be  possible. 
Motion  is  particularly  useful  to  experienced  pilots  who  have  learned  to  attend  to  the 
more  subtle  cues  associated  with  the  onset  of  systems  malfunctions.  Consequently, 
motion  cues  must  be  more  faithfully  reproduced  for  them  in  a  training  device  than  for 
inexperienced  pilots  such  as  O/WOFWAC  trainees.  Because  of  space  limitations,  however, 
only  qualitative  simulation  of  motion  can  be  obtained  in  such  platforms. 

A  simulator  for  the  Mohawk  should  incorporate  a  motion  platform 
that  provides  appropriate  psychological  cues  associated  with  vibration  and  with  the 
displacements  of  the  aircraft  along  the  roll,  pitch,  and  yaw  axes  at  a  minimum,  and 
possibly  along  the  vertical  axis  as  well.  It  should  be  noted  that  flight  simulators  under 
development  for  the  Boeing  747  and  the  SST  will  have  fore-ait  and  lateral  translation 
motion  in  addition  to  these. 

(3)  External  Visual  Reference.  The  relatively  simple  cues  provided  by  a 
symbolic  reference  such  as  that  described  for  the  Primary  Contact  Phase  of  O/WOFWAC 
would  be  of  little  value  to  an  experienced  Army  aviator  undergoing  Mohawk  transition 
training.  A  Mohawk  simulator  should  incorporate  a  visual  display  that  would  enhance  the 
development  of  skills  associated  with  some  of  the  more  critical  piloting  task  requirements 
such  as  loss  of  engine  during  take-off,  landing  rollout,  and  landing. 


'Subsequent  to  the  study  reported  here,  the  FAA  changed  its  requirements  with  respect  to 
simulator  training  for  air  lines  pilot  transition  to  allow  more  extensive  use  of  simulators  in  certain 
training  programs. 
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There  are  several  visual  displays  now  available  which  allow  this  type 
of  training,  but  they  are  expensive  to  procure  and  maintain,  and  they  are  of  limited 
training  value.  Other  visual  systems  under  development  will  provide  more  appropriate  and 
detailed  cues  for  take-off  and  landing  operations  when  used  with  flight  simulators  of  the 
type  described  here.  The  characteristics  of  visual  display*  that  would  be  appropriate  for  a 
Mohawk  simulator  have  been  specified  elsewhere  (25).  The  procurement  of  such  a  display 
with  a  Mohawk  simulator,  or  the  provision  for  its  later  addition,  would  allow  all  or 
almost  all  Mohawk  pilot  skills  to  be  developed  in  a  simulator. 

Evaluation  of  Available  Devices 
Army  Devices 

The  Army  currently  has  no  Mohawk  flight  simulator,  and  modification  of 
existing  Army  synthetic  training  devices  to  simulate  the  Mohawk  or  any  of  its  systems 
(e  g.,  turbine  engine)  has  been  discouraged  during  discussions  of  these  devices  with 
simulation  engineers.  The  consensus  of  these  engineers  is  that  a  more  economical 
approach  would  be  to  develop  the  required  devices  “from  scratch." 

Two  of  the  training  devices  currently  used  in  the  Mohawk  Transition  Course, 
Devices  2-C-9  and  9E2A,  are  system-specific  trainers;  that  is,  they  provide  training  in  the 
specific  cockpit  and  ejection  procedures  that  are  unique  to  the  Mohawk.  The  2-B-12A, 
however,  is  not.  Even  with  the  FD  105  modifications,  this  device  requires  the  develop¬ 
ment  of  pilot  behaviors  which  are  grossly  unlike  those  required  in  the  operation  of  the 
Mohawk  and  which  could  interfere  with  aviator  performance  in  the  aircraft  itself.  The  use 
of  this  device,  therefore,  cannot  provide  fully  satisfactory  training  toward  the  accomplish¬ 
ment  of  the  course  objective. 

Non-Army  Devices 

Since  the  Mohawk  is  exclusively  an  Army  aircraft,  Mohawk  simulators  or 
part-task  trainers  have  not  been  built  for  other  services,  agencies,  or  commercial  organiza¬ 
tions.  There  are  no  system-specific  part-task  trainers  or  flight  simulators  in  existence 
today,  other  than  Devices  2-C-9  and  9E2.',  which  provide  training  that  could  be 
substituted  for  training  in  the  Mohawk  itself. 


U-21  AVIATOR  QUALIFICATION  COURSE 
Description  of  the  Course 

Course  Objective.  Tne  U-21  Aviator  Qualification  Course  is  a  graduate  level  course 
conducted  by  the  Aviation  School  to  qualify  Army  aviators  in  the  operation  of  the  U-21 
Ute  in  normal,  emergency,  and  instrument  flight  conditions  The  flight  training  consists 
of  25  hours  of  dual  instruction,  approximately  15  hours  of  which  is  conducted  under 
visual  flight  rules,  and  the  remainder  under  actual  or  simulated  instrument  conditions. 
Graduates  of  the  Ute  course  typically  are  assigned  to  Southeast  Asia  where  they  engage 
in  tactical  operations  as  Ute  pilot  or  co-pilot. 

Trainee  Qualifications.  Commissioned  officers  arid  warrant  officers  who  are  fixed 
wing  aviator  rated  and  who  possess  a  current  Army  Standard  or  Special  Instrument  Card 


28 


are  qualified  for  this  course.  Some  turn-around  graduates  of  O/WOFWA C  have  been 
accepted  for  this  course,  but  the  typical  trainee  has  500  or  more  hours’  experience  as  a 
fixed  wing  aviator. 

Training  Aircraft.  All  flight  training  is  conducted  in  the  U-21  Ute  aircraft,  the 
military  version  of  the  Beechcraft  King  Air.  The  Ute  is  a  twin-engine,  relatively  high 
performance,  turbine-powered,  tactical,  light  transport  aircraft.  Like  the  Mohawk,  it  has 
unique  aerodynamic  characteristics  and  has  navigation  equipment  found  in  no  other 
Army  aircraft.  Operation  of  the  Ute  during  all  emergency  conditions  requires  highly 
developed,  specific  pilot  responses. 

Present  Training  Devices.  At  the  time  ox  this  review  of  fixed  wing  flight  tiaining 
programs  at  the  Aviation  School,  each  trainee  in  the  Ute  course  received  approximately 
six  hours  of  synthetic  instrument  flight  training  in  Device  2-B-12A.  The  use  of  this  device 
has  since  been  discontinued.  No  other  training  devices  were  in  use  at  that  time. 

Training  Device  Considerations 

Training  Devices  Used  in  Similar  Training  Programs 

The  Ute  course  is  similar  to  the  Mohawk  Transition  Course,  and  the  comments 
concerning  review  of  training  devices  used  in  programs  similar  to  the  Mohawk  Transition 
Course  apply  to  the  Ute  course  as  well.  Unlike  the  Mohawk,  however,  the  Ute  is  not 
uniquely  an  Army  aircraft.  There  are  civilian  training  programs  designed  specifically  to 
qualify  aviators  in  the  operation  of  its  civilian  version,  the  Beechcraft  King  Air. 

One  of  these  training  programs  is  operated  by  Beech  Aircraft  Corporation  at  its 
Wichita,  Kansas,  facility.  Several  Army  aviators  were  trained  by  Beech  in  this  course  at 
the  time  of  the  initial  procurement  of  Ute  aircraft.  One  training  device  is  employed  in 
the  program— a  King  Air  nrocedures  trainer,  used  for  practice  of  all  King  Air  ground 
operating  procedures.  A  high  degree  of  quantitative  fidelity  of  engineering  simulation  is 
provided  on  all  systems  necessary  to  practice  these  procedures.  Although  the  device  is  not 
commercially  available  (the  one  operated  by  Beech  was  built  as  a  part-time  project  by 
their  personnel),  an  estimate  (not  a  quotation)  of  $250,000  was  provided  by  Beech  for 
the  manufacture  of  a  similar  device  for  the  Army.1 

Flight  Safety,  Incorporated,  of  LaGuardia  Airport,  Flushing.  New  York,  also 
operates  a  King  Air  transition  training  program,  and  a  King  Air  simulator  recently  has 
been  obtained  for  use  in  that  program  (26).  The  device  simulates  to  a  high  degree  of 
quantitative  engineering  fidelity  the  cockpit,  the  flight  and  engine  characteristics,  and  the 
sound  of  the  King  Air  aircraft,  and  it  has  a  three-axis  motion  system.  The  device  was 
built  for  Flight  Safety,  Incorporated,  by  Redifon,  Ltd.,  an  English  simulator  manu¬ 
facturer.  Cost  of  this  device  was  not  available. 

Characteristics  Needed  in  Devices 

Like  the  Mohawk,  the  Ute  was  procured  by  the  Army  for  use  in  tactical 
environments,  and  it  cannot  be  viewed  as  a  training  aircraft.  Also  like  the  Mohawk,  it  is 
not  an  unsophisticated  and  forgiving  aircraft.  It  ;s  a  relatively  high  performance  tactical 
aircraft,  and  all  training  conducted  in  it  must  be  designed  to  develop  in  the  trainee  high 

'Personal  communication.  Jack  L.  Marinelli,  Bcccb  Aircraft  Corporation.  22  November  1967. 
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levels  of  specific  skills.  These  skills  can  only  be  acquired  in  the  aircraft  itself  or  in  a 
synthetic  flight  training  device  which  simulates  quantitatively  the  specific  systems  and 
parameters  involved  in  the  aircraft’s  flight. 

The  device  characteristics  specified  for  effective  Mohawk  transition  training  are 
the  same  as  the  characteristics  of  devices  required  for  effective  Ute  training. 

Evaluation  of  Available  Devices 

Army  Devices 

Training  on  Device  2-B-12A  has  been  discontinued,  and  other  Army  training 
devices  appear  to  be  of  little  value  for  use  with  the  Ute. 

Concurrent  with  the  present  review,  and  at  the  request  of  the  Department  of 
Advanced  Fixed  Wing  Training,  design  specification  for  a  Ute  procedures  trainer  and  a 
program  of  instruction  for  use  with  it  were  developed  by  HumRRO.  The  trainer  was 
constructed  for  the  Department  by  the  Third  U.S.  Army  Training  Aids  Center  at  a  cost, 
including  material  and  labor,  of  approximately  $4,300.  The  device,  which  is  described  in 
Appendix  B,  provides  quantitative  dynamic  simulation  of  a  number  of  Ute  systems  and 
qualitative  simulation  of  all  others  which  are  required  for  the  acquisition  of  the  proce¬ 
dural  skills  associated  with  operation  of  the  aircraft  on  the  ground.  The  device  and 
program  of  instruction  are  in  use  by  the  Department  of  Advanced  Fixed  Wing  Training, 
and  training  personnel  report  that  trainees  who  have  received  procedures  training  in  the 
device  perform  exceptionally  well  in  the  aircraft. 

In  addition  to  the  Ute  Procedures  Trainer,  HumRRO  Division  No.  6,  under 
Work  Unit  SYNTRAIN,  developed  the  “HumRRO  Trainer”  for  use  in  connection  with 
the  Ute  Procedures  Trainer  and  program  of  instruction  described  above.  The  HumRRO 
Trainer,  a  two-dimensional  paper  facsimile  of  all  the  displays  and  controls  required  for 
the  execution  of  U-21  procedures,  allows  the  trainee  to  learn  the  location  and  general 
function  of  all  Ute  controls  and  displays  prior  to  his  first  period  of  instruction  in  the 
procedures  trainer  or  in  the  aircraft. 

Non-Army  Devices 

Two  non-Army  devices  for  the  King  Air  aircraft,  the  civilian  counterpart  of  the 
Ute,  have  been  described  above.  No  other  devices  are  known  to  exist  which  might  be 
used  in  the  Ute  course. 


OTHER  FIXED  WING  COURSES 

Fixed  wing  training  courses  other  than  those  discussed  above  were  not  reviewed  in 
detail  during  the  present  investigation.  From  cursory  review,  how*.  /er,  it  would  appear 
that  the  content  of  the  other  courses  presents  no  new  training  material.  For  the  most 
part,  the  courses  differ  from  those  discussed  in  terms  of  trainee  background  (e.g..  Regular 
Army  vs.  National  Guard),  rank  and  amount  of  experience  (e.g.,  WOCs  in  the  WOFWAC 
vs.  field  grade  officers  in  the  Fixed  Wing  Tactics  Refresher  Course),  and  aircraft  involved 
(e.g.,  U-21  vs.  U-8).  The  content  of  these  courses  primarily  consists  of  adaptation  of  the 
content  of  courses  previously  discussed,  and,  generally,  similar  training  device  require¬ 
ments  would  be  expected  to  exist. 
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DISCUSSION 


During  the  survey  of  fixed  wing  training  device  requirements,  IliimRRO  personnel 
reviewed  the  objectives  and  curriculum  of  each  major  fixed  wing  aviator  course,  and 
determined  the  adequacy  of  existing  Army  devices  with  respect  to  the  requirements  of 
these  courses.  Where  Army  devices  were  found  to  he  inadequate  or  inappropriate,  major 
characteristics  of  more  suitable  devices  were  identified,  and  the  availability  of  such  devices 
from  non-Army  sources  was  determined. 

This  section  of  the  report  summarizes  the  findings  from  the  review  of  fixed  wing 
training  device  requirements  with  reference  to  operational  considerations  and  application. 
Like  the  review  itself,  it  has  not  been  modified  to  reflect  any  changes  since  1968  in 
status  of  specific  courses  or  availability  of  specific  devices.  It  should  be  noted  that  this 
discussion  is  predicated  upon  the  assumptions  about  training  circumstances  for  the  next 
several  years  that  were  set  forth  in  the  opening  sections  of  this  report. 


INITIAL  CONTACT  FLIGHT  TRAINING' 

Appropriate  use  of  synthetic  flight  training  devices  prior  to  or  early  in  contact  flight 
training  has  typically  led  to  reductions  in  flight-related  attrition  among  trainees,  reduc¬ 
tions  in  time  required  to  meet  various  flight  criteria,  and  ir  >roved  performance  during 
training.  Examples  of  initial  contact  flight  training  programs  where  such  benefits  were 
derived  include  the  experimental  use  of  Device  DHT-1  at  the  USAPHS  (14),  the  use  of 
Device  1-0A-2  at  the  University  of  Illinois  (12).  and  the  use  of  the  General  Aviation 
Trainer  Model  1  (GAT-1)  at  Greene  Central  High  School,  Greene,  New  York  (16).  The 
introduction  of  an  initial  contact  synthetic  flight  training  device  with  the  characteristics 
described  in  the  review  section  of  this  report  would  be  expected  to  result  in  similar 
benefits  to  the  Aviation  School’s  primary  contact  fixed  wing  training  programs. 

One  available  device— the  GAT-1— was  found  to  be  appropriately  designed  for  the 
Army’s  training  requirements,  and  its  use  in  the  Officer/Warrant  Officer  Fixed  Wing 
Aviator  Course  (O/WOFWAC),  Phase  A,  and  in  similar  initial  contact  flight  training 
programs  seems  promising.  The  GAT-1  should  be  used  in  conjunction  with  a  simple 
extra-cockpit  symbolic  visual  presentation  similar  to  that  used  in  the  training  program  at 
Greene  Central  High  School. 

The  benefit  to  be  derived  from  the  use  of  the  GAT-1  with  a  symbolic  visual  display 
is  to  a  large  extent  a  function  of  when  it  is  introduced  in  the  training  cycle.  If  the  trainer 
is  initially  used  following  the  first  solo  flight,  for  example,  many  of  the  skills  which  can 
be  developed  in  it  will  already  have  been  acquired.  If  it  precedes  the  first  period  of 
inflight  instruction,  on  the  other  hand,  maximum  opportunity  would  be  afforded  for  the 
development  of  skills  for  subsequent  transfer  to  the  inflight  situation.  These  skills  include 
the  performance  of  climbs  and  climbing  turns,  approaches,  go-around  procedures. 


1  Assumptions  la,  2,  and  3  (see  p.  f>-(>)  arc  relevant  to  this  discussion  of  initial  contact  flight  training 
device  requirements. 


coordination  exercises,  clearing  turns,  slow  flight,  stalls,  slips  and  slipping  turns,  straight 
and  level  flight,  glides,  and  gliding  turns. 

From  an  administrative  standpoint,  the  introduction  of  the  GAT-1  in  the  primary 
contact  flight  training  program  could  best  be  accomplished  early  during  the  pre-solo 
period  of  instruction.  Its  use  at  that  time,  though  not  as  desirable  as  use  before  any 
inflight  instruction,  reasonably  could  be  expected  to  enhance  trainee  performance  in 
flight,  lead  to  quicker  solo,  and  reduce  attrition  during  the  early  stages  of  the  course. 
However,  the  benefit  of  such  training,  regardless  of  when  in  the  training  cycle  it  may 
occur,  will  be  limited  by  the  way  in  which  the  device  is  used— that  is,  the  program  of 
instruction  (POI).  Careful  attention  to  the  development  and  empirical  validation  of 
synthetic  training  POIs  and  their  coordination  with  inflight  training  activities  is  essential. 

A  limited  number  of  GAT-ls  might  be  procured  initially  in  order  that  their  specific 
training  value  under  operational  training  conditions  might  be  evaluated  experimentally. 
Such  an  evaluation  should  include  technical  assistance  in  the  development  of  objective 
performance  criteria,  experimental  design,  and  statistical  analyses  of  data. 


INSTRUMENT  FLIGHT  TRAINING  AND 
TWIN-ENGINE  QUALIFICATION' 

A  training  device  designed  to  meet  the  dual  objectives  of  twin-engine  qualification 
and  instrument  flight  training— the  objectives  of  O/WOFWAC,  Phase  C— should  have  the 
characteristics  indicated  for  such  training  in  the  review  section  of  this  report.  No  device 
with  these  characteristics  is  known  to  be  available.  Present  Army  devices  used  in 
twin-engine  qualification  and  instrument  flight  training  (2-B-12As)  were  designed  for 
training  requirements  no  longer  existing  at  the  Aviation  School,  and  were  procured 
essentially  as  interim  solutions.  These  devices  are  not  appropriate  for  the  present  training 
requirements. 

The  requirement  for  devices  incorporating  the  characteristics  described  can  be  met 
by  (a)  developing  a  fixed  wing  synthetic  flight  training  facility,  the  procedure  followed  by 
the  Aviation  School  in  the  development  of  a  USAAVNS  subsystem  for  the  SFTS.  or 
(b)  purchasing  or  developing  a  number  of  independently  operating  devices,  the  procedure 
more  typically  followed  by  the  Army  in  the  past.  The  development  of  a  synthetic 
training  facility  has  been  proposed  by  HumRRO  Division  No.  6  (Aviation!  as  a  desirable 
solution  to  the  Aviation  School’s  synthetic  training  requirements.*' 

The  development  of  a  synthetic  flight  training  facility  to  meet  the  fixed  wing 
instrument  and  twin-engine  qualification  training  requirements  of  the  Aviation  School 


‘Assumptions  lb,  lc,  2,  and  5  (see  p.5-6)  are  applicable  to  this  discussion  of  instrument  and 
twin-engine  transition  training.  It  is  recognized  that  some  instrument  training  currently  is  given  m  the 
single-engine  U-6,  but  it  is  assumed  (see  Assumptions  4  and  5)  that  this  practice  will  cease.  Until  that 
time,  continued  use  of  Device  2-B-12A  as  a  synthetic  instrument  trainer  in  courses  where  the  U-6  is  the 
training  aircraft  would  appear  justified. 

2  Research  done  by  Paul  W.  Caro  under  HumRRO  Work  Unit  ECHO  concerning  implications  of 
digital  computer  advances  for  Army  simulation  requirements. 
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again  is  proposed  as  a  long-term  solution  to  this  requirement.  A  Synthetic  Flight  Training 
System  with  a  fixed  wing  twin-engine  instrument  training  subsystem  would  provide  the 
Aviation  School  with  training  equipment  superior  to  that  which  could  be  provided 
through  the  procurement  of  a  number  of  independent  training  devices.  Training  tech¬ 
nology  developed  for  rotary  wing  application  in  the  SFTS  would  be  applicable  to  such  a 
subsystem,  and  the  inherent  flexibility  of  the  SFTS  approach  would  provide  desirable 
adaptability  to  the  Aviation  School  in  meeting  its  future  fixed  wing,  rotary  wing,  and 
VTOL  training  requirements. 

It  should  be  noted  that  the  SFTS  as  presently  being  procured  is  amenable  to 
expansion  to  include  fixed  wing  instrument  and  twin-engine  qualification  training 
modules. 

Based  upon  the  Aviation  School’s  experience  ith  the  procurement  of  major  flight 
training  devices  (e.g..  Device  2-B-12A  and  the  SFTS),  it  is  likely  that  an  appropriately 
designed  subsystem  of  fixed  wing  training  devices  which  incorporate  modern  engineering 
and  training  technology  could  not  be  in  operation  at  the  Aviation  School  in  less  than  five 
years.  It  is  apparent  that  a  short-term  solution  to  the  instrument  and  twin-engine 
qualification  training  device  requirement  is  also  needed.  The  procurement  of  already 
developed  devices,  which  would  allow  bypassing  the  lengthy  device  development  cycle, 
could  provide  an  interim  solution  to  the  device  requirement  while  the  more  desirable 
training  facility  is  being  developed. 

So  far  as  could  be  determined  during  the  present  survey,  no  training  devices  now 
available  have  the  desired  characteristics.  One  potentially  useful  commercial  device, 
however,  was  under  development  at  the  time  of  the  review.  While  not  meeting  all  of  the 
training  device  requirements  (e.g.,  it  has  a  two-  rather  than  a  three-axis  motion  system),  it 
is  judged  generally  suitable  for  use  at  the  Aviation  School  on  an  interim  basis  pending 
development  of  a  fixed  wing  synthetic  flight  training  system. 

This  particular  device  is  Link’s  General  Aviation  Trainer  Model  2  (GAT-2).  A 
presentation  on  the  GAT-2  made  to  Aviation  School  personnel  by  Link  Group  representa¬ 
tives  demonstrated  the  general  compatibility  of  the  proposed  GAT-2  with  the  Aviation 
School’s  twin-engine  qualification  and  instrument  training  device  requirement.  Members 
of  the  Work  Unit  SYNTRA1N  research  staff  estimate  that  a  10$  to  50$  reduction  in 
O/WOFWAC  Phase  C  flight  training  could  lx*  effected  through  appropriate  utilization  of 
the  GAT-2  in  that  course.  Limited  procurement  of  the  device  would  permit  an  experi¬ 
mental  determination  of  its  value  as  a  replacement  for  Device  2-B-12A  in  the 
O/WOFWAC  Phase  C. 

At  the  request  of  the  Assistant  Commandant  of  the  Aviation  School,  HumRRO 
Division  No.  (>  undertook  development  of  estimates  of  costs  associated  with  the  introduc¬ 
tion  of  GAT-2  training  devices  to  the  Aviation  School's  fixed  wing  flight  training 
programs.  The*  information  thus  developed  was  made  available  to  Aviation  School 
representatives  in  February  19(58.  The  information  is  contained  in  Appendix  A. 

In  addition  to  the  device*  development  and  procurement  actions  indicated  above*, 
system-specific  procedure's  trainers  should  be*  developed  by  the*  Aviation  School  for  use*  in 
conjunction  with  the*se  de*vice*s  and  with  the  T-12  aircraft  itse'lf.  I’roe-e'dure's  trainers  such 
as  the*  t  -21  Preice-e lure's  Traine*r  describe’d  in  Appendix  B  and  the*  pape'r  HumRRO  Trained 
ix*ing  use*ei  with  it  will  piovidc  useful  training  supplemental  to  that  otherwise*  provided  in 


twin-engine  qualification  training.  It  should  be  noted,  however,  that  the  effectiveness  of 
these  devices  is  largely  dependent  upon  the  use  of  a  highly  structured  program  of 
instruction  such  as  that  developed  for  use  with  the  U-21  Procedures  Trainer  and  the 
HumRRO  Trainer. 


TRANSITION  TRAINING' 

The  transition  training  mission  of  the  Aviation  School  consists  of  training  twin- 
engine  instrument  rated  Army  aviators  in  the  operation  of  the  Army’s  twin-engine  tactical 
aircraft,  such  as  the  OV-1  Mohawk.  The  development  of  high  levels  of  skill  is  required  in 
order  to  employ  these  aircraft  and  then1  on-board  systems  effectively  under  the  hazardous 
circumstances  and  the  often  degraded  conditions  associated  with  extended  tactical  opera¬ 
tions.  These  skill  levels  can  be  acquired  only  in  the  aircraft  itself  or  in  highly  sophisti¬ 
cated  and  realistic  flight  simulators  that  can  subject  aviators  to  the  psychological  as  well 
as  the  physical  stresses  involved  in  such  operation.  The  characteristics  of  devices  designed 
to  provide  such  training  are  summarized  in  the  review  section  of  this  report. 

Flight  simulators  of  the  complexity  described  should  be  developed  for  use  in  each  of 
the  Aviation  School’s  transition  courses,  that  is,  the  Mohawk,  Ute,  and  Seminole2 
courses.  Such  development  would  be  consistent  With  the  policy  the  Aviation  School  is 
pursuing  in  the  development  of  simulati: '.  for  the  transition  training  of  aviators  for  two 
rotary  wing  tactical  aircraft,  the  UH-1  and  the  CH-47.  Simulators  for  these  aircraft  are 
being  developed  as  part  of  the  SFTS,  and  transition  training  for  both  will  be  conducted 
using  the  Aviation  School  Subsystem  of  the  SFTS.  Fixed  wing  simulators  could  be  added 
to  this  Subsystem  alongside  or  in  place  of  either  the  UH-1  or  the  CH-47  trainer  modules, 
or  a  separate  fixed  wing  simulator  SFTS  subsystem  could  be  developed  specifically  for 
the  transition  training  requirement. 

In  addition  to  simulators,  system-specific  part-task  trainers  may  be  expected  to  make 
significant  contributions  to  the  efficiency  of  the  Aviation  School’s  transition  training 
courses.  The  development  and  introduction  of  a  Ute  procedures  trainer,  the  use  of  a  Ute 
paper  HumRRO  Trainer,  and  the  highly  structured  program  of  instruction  to  go  with 
them  are  described  in  Appendix  B.  A  procedures  trainer,  the  2-C-9,  also  is  in  use  in  the 
Mohawk  Transition  Course.  Use  of  these  devices  and  the  programs  of  instruction  devel¬ 
oped  for  them  should  continue,  and  similar  devices  and  programs  should  be  developed  for 
other  Aviation  School  transition  training  programs. 

Use  of  Device  2-B-12A  with  the  FD  105  modifications  and  Device  9E2A  probably 
should  be  continued  until  more  suitable  devices  are  procured;  however,  there  is  no  known 
empirical  evidence  that  the  training  received  on  these  devices  transfers  positively  to  the 
Mohawk  aircraft,  and  it  would  bo  desirable  to  collect  evidence  to  validate  the  use  of 
these  devices. 


'  Assumptions  Id,  -I.  and  5  (see  p.  !>■(>)  are  applicable  to  this  discussion  of  transition  training. 

'The  U-8  (Seminole)  Aviator  Qualification  Course  was  not  included  in  the  study  on  the  assump¬ 
tion  that  the  skill  requirements  for  it  nre  comparable  to  those  of  the  Mohawk  and  Ute  Aviator 
Transition  Courses  which  were  included. 


SIMULATION  TECHNOLOGY 


Since  the  advent  of  digital  computer  controlled  flight  simulation  equipment  several 
years  ago,  flight  simulation  technology  has  made  enormous  strides.  The  increased  capa¬ 
bility  and  flexibility  of  the  newer  equipment  has  led  to  corresponding  advances  in 
aviation  training  technology. 

In  order  to  enable  Army  aviators  to  keep  fully  informed  of  many  Army  capabilities 
and  potential  value  of  the  newer  equipment,  a  systematic  program  of  visits  to  users  of 
such  equipment  would  be  beneficial.  Visits  by  Aviation  School  personnel  involved  in 
fixed  wing  training  programs  to  other  military  and  civilian  agencies  conducting  pilot 
training  would  assist  the  School  in  maintaining  awareness  of  such  developments  and  their 
implications  for  Army  aviation  training.  Additional  benefit  would  lxv  derived  from  a 
program  of  visits  to  the  major  manufacturers  of  modern  flight  training  equipment  and 
from  discussions  with  representatives  of  their  engineering  and  research  staffs. 


SUMMARY  OF  PROPOSED  ACTIONS 

1.  Initial  contact  flight  training: 

a.  Procure  a  limited  number  of  GAT-1  trainers  with  symbolic  visual  displays. 

b.  Investigate  the  use  of  the  GAT-1  in  the  Greene  High  School  training 

program. 

c.  Determine  empirically  the  training  value  of  the  GAT-1  in  Army  fixed  wing 
primary  training. 

2.  Instrument  flight  training  and  twin-engine  qualification  training: 

a.  Develop  a  fixed  wing  instrument  and  twin-engine  qualification  synthetic 
flight  training  facility  similar  to  the  SFTS  being  developed  for  rotary  wing  synthetic 
instrument  flight  training  (a  long-term  solution). 

b.  Procure  a  limited  number  of  GAT-2  trainers  (a  short-term  solution). 

c.  Determine  the  training  value  of  the  GAT-2  in  Army  fixed  wing  instrument 
flight  and  twin-engine  qualification  training. 

d.  Develop  procedures  trainers,  paper  HumRRO  Trainers,  and  structured  pro¬ 
grams  of  instruction  for  them  for  use  in  twin-engine  qualification  training. 

3.  Transition  training: 

a.  Modify  the  SFTS  under  development  to  include  simulators  for  the  Army's 
twin-engine  tactical  aircraft,  or  develop  a  separate  fixed  wing  SFTS  subsystem  for 
twin-engine  tactical  transition  training. 

b.  Continue  the  use  of  the  available  system-specific  part-task  trainers  employed 
in  twin-engine  transition  courses  for  tactical  aircraft. 

c.  Develop  procedures  trainers,  paper  HumRRO  Trainers,  and  structured  pro¬ 
grams  of  instruction  for  twin-engine  transition  courses  not  now  employing  them. 

4.  An  additional  proposal: 

A  systematic  program  of  visits  by  Aviation  School  personnel  to  other  pilot 
training  agencies  and  to  manufacturers  of  flight  training  equipment. 
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Appendix  A 


FLIGHT  AND  SYNTHETIC  FLIGHT  TRAINING  COSTS  IN 
THE  OFFICER/WARRANT  OFFICER  FIXED  WING 
AVIATOR  COURSE,  PHASE  C 


INTRODUCTION 

The  purpose  of  this  Appendix  is  to  present  an  estimate  of  the  savings  that  might  be 
expected  to  accrue  from  procurement  by  the  U.S.  Army  Aviation  School  of  the  General 
Aviation  Trainer,  Model  2  (GAT-2)  for  use  in  Phase  C  of  the  Officer/Warrant  Officer 
Fixed  Wing  Aviator  Course.  HurnRRO  was  asked  by  the  School  to  develop  information 
related  to  the  cost  of  flight  and  synthetic  flight  training  in  the  course  under  considera¬ 
tion,  in  order  that  such  information  could  be  taken  into  account  in  the  School’s  decision 
on  possible  adoption  of  the  equipment.  The  present  Appendix  was  prepared  in  response 
to  that  request. 


APPROACH' 

The  approach  taken  was  to  compute,  on  an  annual  basis,  the  costs  which  could  be 
attributed  to  the  operation  of  O/WOFWAC  Phase  C  flight  training,  to  estimate  the  costs 
which  might  reasonably  be  incurred  by  the  procurement  and  use  of  GAT-2  training 
devices,  and  to  compute  from  these  costs  the  savings  that  would  result  from  specific 
reductions  in  flight  training  time  due  to  the  increased  efficiency  of  synthetic  training 
using  tne  new  device. 

Table  A-l  indicates  the  various  materials  and  services  which  were  included  in  the 
cost  computations  and  the  source  of  the  cost  data  concerning  them.  It  should  be  noted 
that  certain  costs  associated  with  both  flight  and  synthetic  flight  training  in  Phase  C  are 
not  included.  Costs  associated  with  administration  of  the  U.S.  Army  Aviation  Center  and 
the  conduct  of  academic  instruction  in  Phase  C  were  not  included  because  it  was  assumed 
that  the  contribution  of  such  costs  to  the  conduct  of  flight  training  would  be  insensitive 
to  a  change  in  the  ratio  of  flight  to  synthetic  flight  training.  In  addition,  costs  associated 
with  student  transportation,  housing  the  synthetic  trainers,  operation  of  the  airfields 
where  O/WOFWAC  Phase  C  is  conducted,  and  buildings  provided  the  contractors  for 
administrative  purposes  were  omitted  because  of  the  limited  personnel  resources  available 
to  Hur.RRO  during  the  period  of  this  investigation. 

It  should  be  noted  that  the  cost  data  cited  in  this  Appendix  are  current  as  of  31 
March  1968.  It  is  probable  that  data  current  on  any  subsequent  date  will  not  coincide 
exactly  with  all  of  the  costs  reported  herein. 

Although  the  U.S.  Army  does  not  depreciate  its  property  for  accounting  purposes, 
that  means  of  representing  the  annua)  cost  of  equipment  and  facilities  was  selected  for 
the  present  calculation.  Table  A-2  presents  the  depreciation  periods  which  were  adopted. 
They  were  judged  to  be  reasonable  estimates  of  the  useful  life  of  the  items  included  in 

'  See  Reference  3. 
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Table  A-1 


Materials  and  Services  Included  in  the  Study  and 
Cost  Data  Sources 


Materials  and  Services 


CCS-  JS!;  c 


T-42  aircraft  Supply  Division,  DOSS,  USAAVNS 

Office  equipment  and  furniture 
Flight  clothing  and  equipment 


Buildings 

Building  maintennace 
Utilities 

Janitorial  Service 

Aircraft  spare  parts 

Petroleum,  oil,  and  lubricants 

Government  furnished  maintenance  equipment3 

Refueling,  contract 

Maintenance,  contract 


Real  Property  Section,  Engineers  Division, 
9CSLOG,  USAAVNC 


/ 

Logistjcs  Management  Board,  DCSLOG, 


USAAVNC 


Flight  training  contract  Plans  Division,  G-3,  USAAVNC 

Synthetic  training  contract 

GAT-2  Link  Group,  General  Precision  Systems, 

Incorporated 


Government  furnished  maintenance  equipment  consists  of  1,213  items  supplied  to  the  maintenance 
contractor.  The  equipment  includes  items  such  as  vehicles,  furniture,  office  equipment,  tugs,  cranes,  and 
special  tools.  Because  of  the  number  and  variety  of  the  items  involved,  they  are  treated  as  one  item  in  this 
Appendix. 


Table  A-2 


Depreciation  Periods 


Item 

Depreciation 

Permanent  buildings  (masonry-steel) 

50  years 

Temporary  buildings  (wood) 

25  years 

Aircraft 

10  years 

Synthetic  trainers 

10  years 

Furniture 

10  years 

Office  equipment 

10  years 

Government-furnished  maintenance  equipment 

10  years 

Flight  equipment 

5  years 

Flight  clothing 

2  years 
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the  investigation.  Straight  line  depreciation  schedules  were  used,  and  the  periods  involved 
ranged  from  50  years  for  permanent  buildings  to  two  years  for  flight  equipment. 


RESULTS 

Table  A-3  contains  a  summary  of  the  annual  costs  associated  with  the  conduct  of 
flight  training  in  Phase  C  of  the  O/WOFWAC.  These  costs  total  $2,330,020.63.  The 
present  annual  input  to  Phase  C  is  645  trainees,  and  each  t’-iinee  receives  approximately 
60  hours  of  flight  training.  The  total  annual  number  of  training  flight  hours  in  Phase  C, 
therefore,  is  38,700.  Dividing  38,700  flight  hours  into  the  $2,330,020.63  annual  cost  of 
Phase  C  flight  training  in  the  T-42  yields  a  flight  training  hourly  cost  of  $60.21. 

Table  A-4  contains  a  summary  of  the  annual  costs  associated  with  the  conduct  of 
synthetic  flight  training  in  Phase  C  of  the  O/WOFWAC,  assuming  the  use  of  13  GAT-2 
trainers.  These  costs  total  $154,140.00.  With  the  present  annual  input  to  Phase  C  of  645, 
and  with  each  trainee  receiving  approximately  21  hours  of  synthetic  flight  training,  the 
total  number  of  hours  of  such  training  is  13,545.  A  computation  similar  to  that 
performed  for  flight  training  yields  a  synthetic  flight  training  hourly  cost  of  $11.38. 


Table  A-3 

Annual  Costs  of  Phase  C  Flight  Training 


1. 

Aircraft  depreciation 

$  188,522.00 

2. 

Flight  training  cost 

Contract 

Flight  building 

lot  ;• 

Depreciation 

$2,092.71 

Utilities 

3,914.76 

Janitorial  services 

2,801.26 

Maintenance 

963.47 

9,722.20 

Furniture  and  other  equipment 

Depreciation 

Flight  clothing 

1,636.48 

Depreciation 

Flight  equipment 

2,778.70 

Depreciation 

1,100.82 

674,146.87 

3. 

Maintenance  cost 

Contract 

971,370.00 

Spare  pcrts  (OMA) 

278,253.00 

Spare  parts  (PEMA) 

4,257.00 

Government-furnished  maintenance  equipment 

8,718.76 

1,262,598.76 

4. 

Petroleum,  oil,  and  lubrication 

172,215.00 

5. 

Refueling 

32,508.00 

$2,330,020.63 
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This  report  provides  a  discussion  of  the  suitability  of  the  present  synthetic  flight 
training  device,  Device  2-B-12A,  for  Phase  C  training.  With  the  21  hours’  synthetic  flight 
training  now  provided  in  Device  2-B-12A,  60  hours’  flight  training  is  required  in  the  T-42 
in  order  for  the  trainees  to  attain  sufficient  instrument  flight  proficiency  in  the  T-42 
aircraft  to  pass  the  final  Phase  C  checkride. 

Table  A-4 


Annual  Costs  of  Phase  C 
Synthetic  Flight  Training 


Trainer  depreciation 

$  55,740.00 

Trainer  operation 

78,900.00 

Trainer  maintenance 

19,500.00 

$154,140.00 

Because  of  the  more  suitable  design  of  the  GAT-2,  it  is  believed  that  training  in  it 
will  transfer  more  efficiently  to  the  T-42  aircraft.  It  is  estimated  that  substitution  of  20 
hours  of  appropriate  training  in  the  GAT-2  for  the  training  now  given  in  the  2-B-12A  will 
permit  an  immediate  reduction  of  at  least  five  hours  in  the  length  of  O/WOFWAC 
twin-engine  and  instrument  flight  training.  Further,  it  is  believed  that  a  synthetic  flight 
training  program  can  be  developed  for  use  vi'ith  the  GAT-2  which  will  permit  further 
reduction  in  the  amount  of  flight  training  in  the-  T-42  aircraft  required  to  meet  the 
present  end-of-phase  proficiency  requirements. 

The  cost  data  cited  in  this  Appendix  are  based  <’  oi.  -ecific  training  conditions— 60 
hours  in  the  T-42  and  21  hours  in  the  GAT-2.  Reducing  J--  amount  of  flight  training  or 


Table  A-5 


Annual  Costs  and  Probable  Savings 
Associated  With  Selected  Combinations  of 
Flight  and  Synthetic  Flight  Training 


Hours  of  training  in  the 

Annual 

Cost 

Annual 

Savings 

Aircraft 

Trainer 

60 

21a 

$2,465,440.63 

$  0 

55 

20 

2,282,751.75 

182,688.88 

50 

25 

2,125,275.00 

340,165.63 

45 

30 

1,967,798.25 

497,642.38 

40 

35 

1,810,321.50 

655,119.13 

35 

40 

1,652,844.75 

812,595.88 

30 

45 

1,495,368.00 

970,072.63 

^he  present  Phase  C  training  program,  consisting  of  60 
hours  in  the  T-42  and  21  hours  in  the  2-B-12A,  is  included  for 
comparison.  For  the  purpose  of  this  comparison,  the  cost  of 
synthetic  flight  training  in  the  2-8-1 2A  was  estimated  (not 
computed)  to  be  $135,450.00,  or  $10.00  per  hour.  Except  for  the 
first  row,  all  costs  and  savings  shown  in  Table  C-5  are  based  upon 
the  use  of  GAT-2  trainers. 
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increasing  the  amount  of  synthetic  flight  training  will  result  in  changes  in  the  hourly  cost 
of  these  two  types  of  training.  Nevertheless,  the  cited  hourly  costs  can  be  used  as 
estimates  in  order  to  determine  the  effect  upon  total  training  costs  of  various  combina¬ 
tions  of  T-42  and  Gat-2  training. 

Table  A-5  contains  selected  combinations  of  flight  and  synthetic  training  that 
probably  could  be  achieved  were  the  GAT-2  introduced  in  Phase  C.  The  values  selected 
for  this  table  are  not  based  upon  transfer  of  training  data,  since  no  such  data  exist  at  the 
present  time.  Rather,  they  represent  the  opinion  of  the  HumRRO  research  staff  that 
training  programs  consisting  of  the  indicated  combinations  of  flight  and  synthetic  flight 
training  can  be  developed  that  will  achieve  the  same  level  of  trainee  proficiency  now 
being  achieved  in  Phase  C.  Optimum  combinations  of  flight  and  synthetic  flight  training 
must  be  determined  empirically.  To  achieve  a  given  flight  time  reduction  may  actually 
require  a  greater  or  lesser  amount  of  synthetic  flight  training  than  that  shown  in  this 
table. 


COMPUTATION  NOTES 
Aircraft 

Thirty-five  T-42A  aircraft  are  required  to  support  Phase  C  training.  Each  airera.t 
cost  $53,872.00,  and  it  is  depreciated  over  a  ten-year  period.  Therefore, 
($53,872.00  x  35)/10  -  $188,552.00,  the  annual  Phase  C  aircraft  cost. 

Flight  Training 

Phase  C  flight,  synthetic,  and  academic  instruction  is  conducted  under  a  fixed  rate 
contract  based  on  the  number  of  trainees  involved.  The  annual  contract  cost  for  flight 
instruction  only  for  FY  1968  is  $658,858.67.  This  includes  salaries  of  supervisors, 
instructors,  and  clerical  personnel,  Social  Security  tax.  State  and  Federal  Unemployment 
Insurance,  Workmen’s  Compensation  tax,  uniform  expenses,  office  expenses,  communica¬ 
tion  services,  accountant’s  fees,  and  contractors’s  profit. 

Pha-c  C  flight  training  is  conducted  out  of  Building  205,  Cairns  Field.  This  is  the 
fixed  wing  flight  training  building.  It  houses  Headquarters,  Department  of  Advanced 
Fixed  Wing  Training,  and  all  fixed  wing  flight  courses. 

The  area  of  Building  205  occupied  by  and  charged  to  Phase  C,  including  a  pro-rata 
share  of  the  lobby,  halls,  and  latrines,  is  8,378.28  square  feet.  This  represents  35.22 
percent  of  the  23,785  gross  square  footage  of  the  building.  Total  value  of  the  building  is 
$297,091.65,  of  which  35.22  percent  is  $104,635.68.  The  building  was  depreciated  over 
a  50-year  period.  Therefore,  ($104,635.68)/50  =  $2,092.71,  the  annual  cost  of  the  Phase 
C  training  building. 

In  addition  to  the  cost  of  the  training  building  itself,  other  costs  are  associated  with 
its  use.  A  percentage  of  utilities,  janitorial  service,  and  maintenance  also  must  be  charged 
to  Phase  C. 

The  Engineers  Division,  DCSLOG,  reports  that,  on  a  post-wide  annual  basis,  utilities 
cost  $51.51  per  person  who  works  or  maintains  a  work  area  in  post  buildings.  Seventy-six 
Phase  C  flight  training  contractor  personnel  utilize  Building  205.  Therefore, 
$51.51  x  76  =  $3,914.76  which  is  chargeable  annually  to  Phase  C  for  training  building 
utilities. 

Janitorial  services  for  Building  205  are  provided  by  a  civilian  contractor.  Two  types 
of  services  are  provided: 

(11  On  a  nightly  basis,  at  a  charge  of  $.017  per  square  foot  of  deanable  area. 

(2)  On  a  permanent  basis. 
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Building  205  utilizes  both  services.  One  full  time  janitor  is  provided  at  a  cost  of 
$275.00  monthly.  In  addition,  there  is  nightly  clean-up  service  costing  $.017  x  22,812 
square  feet  of  cleanab’.e  area  in  the  building,  or  $387.80  per  month  for  a  monthly  total 
of  $662.80,  or  an  annual  charge  of  $7,953.60.  Since  Phase  C  personnel  occupy  35.22 
percent  of  Building  205,  the  pro-rata  annual  charge  to  Phase  C  is  $7,953.60  x  .3522,  or 
$2,801.26. 

Maintenance  of  permanent  type  buildings  is  computed  by  DCSLOG  on  a  ba,is  of 
$115.00  annually  per  1,000  square  feet  of  floor  space.  Phase  C  occupies  8,378.28  square 
feet  of  floor  space.  Therefore,  8.378  x  $115.00  =  $963.47  annually  for  training  building 
maintenance.  The  government  provides  the  contractors  involved  in  Phase  C  with  sufficient 
office  and  classroom  furniture  and  equipment  to  support  training.  The  flight  training 
contractor  has  $16,364.75  worth  of  such  equipment  in  offices  and  classrooms  in  Building 
205.  Depreciated  over  ter,  years,  this  equipment  costs  $1,636.48  annually. 

Each  contractor  instructor  pilot  is  furnished  flight  suits,  boots,  gloves,  and  flight 
jacket.  The  total  cost  of  this  clothing  is  $5,557.40.  Depreciated  over  two  years,  the 
annual  cost  is  $2,778.70. 

Each  contractor  instructor  pilot  is  furnished  a  headset,  knee  pad,  flashlight,  and 
computer.  The  total  cost  of  this  equipment  is  $5,504.12.  Depreciated  ovei  five  years,  the 
annual  cost  is  $1,100.82. 

Maintenance 

Maintenance  support  for  the  aircraft  used  in  Phase  C  is  provided  by  a  civilian 
contractor.  For  FY  1968,  the  following  amounts  have  been  programed  by  DCSLOG  for 
maintenance  support  for  the  35  T-42A  aircraft  used  in  Phase*  C: 

Labor  and  overhead  $971,370.00 

Spare  parts  (OMA)  278,253.00 

Spare  parts  (PEMA)  1.257.00 

The  maintenance  contractor  is  provided  government  equipment  to  support  mainte¬ 
nance  for  180  U.S.  Army  fixed  wing  aircraft  located  at  Cairns  AAF.  The  equipment 
includes  special  tools,  office  equipment,  furniture,  vehicles,  etc.  The  total  cost  of  this 
equipment,  estimated  by  DCSLOG,  is  $448,501.06. 

Thirty-five  of  these  aircraft,  or  19.4  IK-,  are  required  to  support  Phase  C  flight 
instruction.  Therefore,  .1944  x  $448,501.06  =  $87,188.61.  which  is  chargeable  to  Phase  C 
flight  training.  Depreciating  this  equipment  over  ten  years  yields  an  annual  cost  of 
government  furnished  aircraft  maintenance  equipment  of  $8,718.86. 

POL 

Approximately  38,700  hours  of  flight  time  will  be  flown  in  FY  1968  in  the  Phase  C 
flight  program.  According  to  current  flying  hour  cost  figures  prepared  by  the  L  gistics 
and  Management  Section  of  DCSLOG.  the  T-42A  hourly  POL  cost  is  $4.45.  3n  an 
annual  basis,  this  amounts  to  $172,215.00. 

Refueling 

Refueling  services  are  provided  by  a  civilian  contractor.  DCSLOG  provided  cost 
figures  show  refueling  cost  to  be  $0.84  per  hour  for  the  T-42  \.  On  an  annual  basis,  this 
amounts  to  $32,508.00  for  38.700  flight  hours. 

Trainers 

The  cost  of  procurement  of  GAT-2  training  devices  has  been  quoted  by  the 
manufacturer  as  $42,500  each. 1  An  additional  $1,900  has  been  quoted  for  on-site 

1  'Shipping  and  installation  charges  arc  not  included. 
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installation  of  the  first  two  of  these  devices  ana  the  training  of  USAAVNS  personnel  in 
their  operation  and  maintenance.  Replacement  of  existing  devices  with  GAT-2s  on  a  1:1 
basis  was  used  as  a  basis  for  computation.  Therefore,  13  new  GAT-2s  will  be  required. 
The  cost  of  these  devices,  including  initial  installation  and  training  of  USAAVNS 
personnel,  will  be  $557,400.  Using  a  depreciation  period  of  10  years,  the  annual  cost  will 
be  $55,740. 

Synthetic  Flight  Training 

Synthetic  flight  training  is  conducted  by  a  contractor.  The  cost  of  that  training, 
obtained  from  the  Plans  Division,  G-3,  USAAVNS,  is  $78,900  annually. 

Trainer  Miintenance 

The  cost  of  spare  parts  to  be  used  in  maintaining  GAT-2  devices  has  been  estimated 
by  the  device  manufacturer  at  $1,500  per  trainer  per  year,  or  $19,500  annually  for  13 
trainers.  Considering  the  fact  that  the  GAT-2  is  a  new  device  and  no  valid  data  on  spare 
parts  utilization  exist,  the  manufacturer’s  technical  personnel  have  stated  informally  that 
this  is  likely  to  be  an  overestimate  of  the  actual  cost. 


Appendix  B 

DEVELOPMENT  OF  A  U-21  PROCEDURES  TRAINER 


During  the*  course  of  the  Technical  Advisory  Service  to  the  Department  of  Advanced 
Fixed  Wing  Training,  a  cockpit  procedures  trainer  for  the  l'-21  Ute  was  developed.  The 
trainer  constitutes  the  implementation  of  previous  research  conducted  by  HumRRO 
Division  No.  (5  (Aviation),  HumRRO  Division  No.  5,  and  UumRRO  Division  No.  U  under 
Work  Units  TRADER.  ECHO,  RINGER,  and  STRANGER.' 

The  trainer  is  a  three-dimensional,  full-scale  replica  of  the  cockpit  of  the  Ute 
forward  of  (approximately)  Station  1-13.  It  contains  operating  faesimilies  of  all  Ute 
aircraft  controls  and  components  required  to  be  manipulated  by  the  pilot  during  the 
execution  of  cockpit  preflight,  engine  start  and  run-up.  engine  clearing,  pretake-off. 
shutdown,  and  cockpit  [tost  Right  procedures. 

The  trainer  may  be  seen  in  Figure  B-l.  It  was  fabricated  by  the  Third  U.S.  Army 
Training  Aids  Center  to  specifications  developed  by  the*  HumRRO  research  staff.  The  cost 
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of  the  device,  including  all  parts  and  labor,  was  reported  to  be  $4,300.  Upon  completion 
of  its  development  and  checkout,  it  was  delivered  to  the  Department  of  Advanced  Fixed 
Wing  Training  and  is  being  used  there  in  the  U- 21  Aviator  Qualification  Course. 

A  design  criterion  for  the  trainer  was  the  activation  of  all  indicators  and  displays 
that  were  used  during  the  execution  of  the  procedures  listed.  To  the  extent  that  such 
activation  was  within  the  capability  of  the  Third  U.S.  Army  Training  Aids  Center,  this 
was  accomplished  through  the  use  of  electrical  signals.  Where  electrical  activation  was  not 
practicable,  techniques  were  devised  to  provide  the  necessary  system  dynamics  through 
the  trainer  instructor  or  the  trainee  himself.  To  this  end,  the  following  techniques  were 
employed: 

(1)  A  remote  instructor’s  control  box  was  provided.  The  box  contains  switches 
that  permit  the  instructor  to  turn  indicator  lights  on  the  cockpit  instrument  panel  on  and 
off  in  response  to  trainee  action. 

(2)  All  engine  instruments  that  display  information  used  by  the  trainee  during 
the  procedures  for  which  training  is  provided  are  activated  by  the  trainee;  that  is,  he 
moves  instrument  dial  needles  to  specified  instrument  values  in  response  to  his  own 
manipulation  of  the  aircraft  controls. 

No  training  device  is  of  value  without  a  training  program.  A  program  of  instruction 
was  developed  for  use  specifically  with  the  procedures  trainer.  It  specifies,  in  step-by-step 
detail,  the  actions  requirea  of  a  trainee  and  an  instructor  during  Ute  procedures  training. 
The  program  of  instruction  was  delivered  to  the  Department  of  Advanced  Fixed  Wing 
Training  along  with  the  trainer. 

A  research  product  of  HumRRO  Work  Unit  SYNTRAIN,  a  4/10  scale  paper  mockup 
of  the  UTE  cockpit,  called  a  HumRRO  Trainer,  also  was  provided  to  the  Department  of 
Advanced  Fixed  Wing  Training  for  use  in  conjunction  with  the  procedures  trainer  and  the 
program  of  instruction  described  above.  The  HumRRO  Trainer  is  shown  in  unassembled 
and  assembled  form  in  Figures  B-2  and  B-3.  An  Instructor  Guide  for  the  U-21  Procedures 
Trainer  was  prepared  to  facilitate  the  standardized  use  of  the  procedures  trainer,  the 
paper  HumRRO  Trainer,  and  the  program  of  instruction.  A  copy  of  the  Instructor’s 
Guide  is  included  in  tnis  Appendix. 
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Figure  B-2 


Assembled  HumRRO  Trainer 


Figure  B-3 


INSTRUCTOR'S  GUIDE  FOR  THE  U-21  PROCEDURES  TRAINER 


The  U-21  Procedures  Trainer  is  a  training  device  designed  to  facilitate  the  acquisition 
of  certain  procedural  skills  necessary  to  the  operation  of  the  U-21  Ute.  All  procedures 
associated  with  operation  of  the  U-21  on  the  ground,  e.g.,  Starting  Engines  and  Engine 
Shutdown,  may  be  practiced  in  the  trainer. 

The  U-21  Procedures  Trainer  Checklist  is  designed  for  use  in  the  trainer  and  as  a 
home  study  guide  in  conjunction  with  the  U-21  HumRRO  Trainer.  Each  item  number  of 
the  Procedures  Trainer  Checklist  corresponds  to  the  aircraft  checklist  item  number  found 
in  TM  55  1510-209-10.  You  will  note  that  some  items  on  the  Prorcedures  Trainer 
Checklist  have  been  broken  into  component  steps.  Trainee  actions  entailed  by  each  step 
must  be  memorized  because  these  steps  are  not  given  in  the  checklist  used  in  the  aircraft. 

To  be  effective,  training  in  the  Procedures  Trainer  must  precede  training  in  the 
aircraft  itself.  With  adequate  home  study  using  the  Procedures  Trainer  Checklist  and  the 
U-21  HumRRO  Trainer,  the  typical  trainee  can  essentially  master  these  procedures  in  five 
trials  in  the  trainer.  On  the  sixth  trial  (i.e.,  the  first  trial  in  the  aircraft),  the  trainee 
should  be  expected  to  perform  the  appropriate  procedures,  using  only  the  aircraft 
checklist  found  in  the  -10,  without  error.  The  recommended  training  technique  is  to 
allow  the  trainee  to  use  the  detailed  Procedures  Trainer  Checklist  during  the  first  two  or 
three  trials  in  the  trainer,  thereafter  requiring  him  to  perform  from  memory.  The 
“challenge  and  reply’’  method  used  in  the  aircraft  is  appropriate  for  use  in  the  trainer. 

The  Procedures  Trainer  was  fabricated  at  Fort  Rucker.  Some  of  the  knobs  and  levers 
do  not  operate.  The  rudder  pedals,  fresh  air  vent  knob,  and  ice  vane  levers,  for  example, 
can  be  damaged  should  excessive  pressure  be  exerted  on  them.  In  order  to  extend  the  life 
of  electrical  components  (e.g.,  light  bulbs),  the  battery  switch  should  remain  in  the  OFF 
position  when  the  trainer  is  not  in  use. 

The  column  headings  on  the  Procedures  Trainer  Checklist  generally  are  self- 
explanatory.  You  may  find  it  desirable  to  elaborate  upon  some  of  the  comments  in  order 
to  assure  trainee  understanding. 
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